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Shellphoto _ 


Call to Action ; 


From an oil painting by Norman Wilkinson, commemorating the gallant action of the tanker “Ondina”’ and all 
other tankers which were effective in bringing the indispensable petroleum and its products to the scenes of battle 


(For the description of the scene portrayed, see page 18) 
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Srvzzs change, whether we like it or not. It may be 
lower necks, fuller skirts, wider hats—the postwar 
appearance of things is quite different, everywhere we 
look. So we, too, are dressing up in new clothes; we 
hope you like us this way. However, the principal 
effect of a new hat (to a woman, anyway!) is upon the 
wearer, as a morale-builder. Not that we were “down 
in the dumps” and needed to buy a new hat to recover 
our self respect. But we do think that, having survived 
the war years with a considerable measure of success, 
we are entitled to swagger a bit. The question whether 
or not the new format is better than the old is scarcely 
pertinent. It is new and we like it. Didn’t you ever 
feel the same way about a new suit of clothes? 


Ay inspection of our ‘“‘masthead” page will show two 
newcomers among our Associate Editors. Dr. Kenneth 
A. Kobe, who replaces Dr. W. A. Felsing, is chairman 
of the Department of Chemical Engineering of the 
University of Texas; Dr. Joel H. Hildebrand, Professor 
of{Chemistry at the University of California, takes the 
place of Dr. Malcolm M. Haring. He has had a long 
record of success and popularity as a teacher, investi- 
gator, and administrator. 


Sooner or later children outgrow the Santa Claus 
myth, although (like a good scientific theory) it serves 
its purpose well for the period of its application. It 
should be noted, however, that passing from the “Santa 
Claus theory” to something better is seldom the result 
of urging on the part of us oldsters; it generally comes 
about gradually—and sometimes even painlessly— 
when the earlier idea no longer works. This might even 
be used as the basis of a good lesson in elementary gen- 
eral science. 

By contrast, it is too bad that we allow ourselves to 
fall into slovenly scientific habits—even.some of us who 
surely know better. We ought to be more accurate in 
saying just what we mean, or else we ought not to mean 
some of the things we say. It reminds one that, “It is 
better not to know so much than to know so much that 
isn’t so.” 

What brings all this up is stumbling upon the follow- 
ing, taken from a source which I shall keep nameless but 
which deservediy has a good reputation in research cir- 
cles: 

Through an ever-increasing knowledge of natural law, the 
scientist has learned to separate nature’s resources into elements 
be can be recombined and used according to man’s need or 
whim. 















I suspect that ten out of every eleven who read this 
will sense nothing in it to criticize, so accustomed are 
we to the looseness of our thoughts. But if youngsters 
who read such a statement really assimilate its implica- 
tions they may find themselves in a mental rut deeper 
than that behind the jingling sleigh of St. Nicholas and 
much more difficult to fill up. Indeed many well-inten- 
tioned folk are still stuck there. 

We don’t acquire “increasing knowledge of natural 
law,” we try to learn how to “formulate bigger and bet- 
ter laws.” Nature presents us with the phenomena and 
we make the laws about them. No doubt it would be 
better if we called them “rules,” rather than “laws,” 
for they are generalizations which describe, not inherent 
principles according to which things operate. 

Very likely what is really meant in the above quota- 
tion is: ‘Through an ever-increasing knowledge of the 
structure of matter and the behavior of nature, the 
scientist has learned...” If so, why don’t we say so, 
and not let it be inferred that Nature is a benevolent 
being with a long beard (or golden tresses) who com- 
mands his (or her) genii to perform certain gyrations? 
This is a much more insidious myth than that of Santa 
Claus, and (I’ll bet my last dollar) much more widely 
believed. 

The recent recipient of the Chemical Industry Medal 
said some time ago that the physicist and the chemist 
should try: 

. .. with infinite patience, to work out the laws of nature as 
they apply to this or that tiny section of matter and then find a 
way to direct the working of the natural law into a channel where 
it may serve mankind. 

I'll accept “‘to work out the laws of nature,’ as one 
“works out”’ the solution of a mass of data by devising 
an equation. But as for directing the ‘working of the 
natural law jnto a channel”—No, no, Dr. Dow, I don’t 
think you really mean that. 

Suppose we just leave to the theologians the question 
whether or not there are any intrinsic laws in the sense 
of “guiding principles” and let us stay in our own field. 
Surely there is no evidence of the hand of Omniscience 
in such imperfect expressions as: ‘“Boyle’s Law, the 
Law of Definite Proportions, the Law of Dulong and 
Petit, the Periodic Law.” They are useful rules but it 
should be obvious that they are the results, rather than 
the causes, of the behavior of nature. 

Of course, none of this is new—except to those who 
are making their first contacts with science. By that 
time they should be too old for Santa Claus, don’t you 
think? 
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Dyestuffs, pigments, and auxiliary-application com- 
pounds used in textile decorating through the ages are 


described. 


Tue art of applying color to textile fabrics goes far 
back into antiquity. The unearthing of colored fabrics 
in the course of excavations in Egypt, Asia, and the 
Americas has proved beyond question that textile color- 
ing was developed independently and practiced by al- 
most all primitive peoples. 

The earliest dyes probably were made by men who 
observed the stains left by various parts of many plants. 
They learned that a great number of these dyes could be 
fixed on fabrics only by the use of auxiliary materials, 
such as acids and metallic salts, and that there was 
often much improvement in color and brightness due to 
such treatments; this was the beginning of the impor- 
tant practice of mordanting. 

Mineral dyes came into use when men discovered the 
art of staining fiber or fabric in springs containing iron 
salts. Springs of this kind occurred in many vicinities, 
and it was a simple matter to obtain interesting shades 


of orange and red-brown by soaking yarn or fabric for 
various lengths of time and then drying it in air. In 
addition, colored mineral earths (pigments) were ap- 
plied by rubbing them into textile materials. 

The various primitive groups thus discovered in their 
own localities different sources of coloring matter. How- 
ever, as tribes migrated and contact with other groups 
was established, men learned of dyestuffs which were 
faster or-more brilliant than any to be found in their 
own vicinity, and trade in dyestuffs began. Of the 
hundreds of known dyes used at different times and in 
different regions, the majority were discarded as trade 
became general. Only 25 to 50 were still employed 
in medieval times. Of these, the most noteworthy 
were indigo, woad, logwood, madder, Tyrian purple, 
kermes, cochineal, fustic, and cutch. 

In recent years the art of textile decorating has im- 
proved markedly owing to the introduction of a host of 
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newly developed dyes and pigment colors, and auxiliary 
chemicals to facilitate their application. All the natu- 
ral dyes except a mere handful, including logwood, 
fustic, and cutch, have been replaced. Modern colors 
are relatively inexpensive, brilliant in shade, and of a 
wide range of hues; they are applicable to the various 
present-day fabrics and are fast to light and washing (2, 
10, 19). 


INDIGO 


Indigo blue is one of the earliest, most important, and 
popular dyestuffs known to man. Until economical 
methods for its synthesis were discovered in the 19th 
century, it was obtained from the leaf of Indigofera 
tinctoria, indigenous to many parts of Asia, Africa, the 
East Indies, the Philippines, and the Americas. Sam- 
ples of cloth dyed with indigo have been found in Egyp- 
tian tombs, Inca graves, and other widely separated 
sites of excavation. India began to apply it to textiles 
more than 4000 years ago, and also supplied it to Egypt 
and the rest of the then-civilized world. Columbus 
and other explorers reported that indigo was in use in 
the New World, and cultivation for export to their 
mother country was started by early settlers. 

The method of preparing indigo from the plant changed 
little from ancient times. The leaves were steeped 
in water from nine to 14 hours; fermentation took 
place, resulting in hydrolysis of the coloring material, 
indican, originally present as a glucoside, to glucose and 
the water-soluble leuco form of indigo. Then the fer- 
ment liquor, which varied in shade from yellow-orange 
to olive-green, was drawn off and aerated so that oxida- 
tion took place and indigo blue precipitated out. The 
top liquor was decanted and the sludge heated to stop 
fermentation; more liquor was filtered out, and the 
paste, after drying in blocks, was ready to ship (10, 11). 


WOAD 


Woad is a blue dye generally considered inferior to 
indigo. It was obtained from the leaves of a plant 
native to the temperate zone. The ancient Chinese and 
Egyptians are known to have cultivated it. Julius 
Caesar found the inhabitants of Britain using woad to 
paint their bodies. The Gauls were familiar with its 
use as a dyestuff. 

To prepare the color, the leaves of the plant were 
ground to a pulp which was kneaded into balls and 
spread out to dry for a prolonged period. Then the lot 
was pulverized, mixed with water, and subjected to 
controlled fermentation for approximately nine weeks 
to give a product ready for market. 

Woad enjoyed nearly 1200 years of supremacy in 
western Europe before it was replaced completely by 
indigo in the 18th century. Indigo had been imported 
by the Venetians for use in their dyeing arts as early as 
1194, but several factors prevented it from supplanting 
woad. Communications were slow, the all-water‘route 
to India was not discovered until 1498 (by Vasco da 
Gama), and powerful syndicates of woad growers and 
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manufacturers prevailed upon their governments to 
restrict the importation of indigo when it did become 
readily available (10). 


LOGWOOD 


Logwood is one of the few natural dyes still used on a 
large scale in modern dyeing practice. Depending upon 
the auxiliary chemicals used in its application, logwood 
can be employed for dyeing purple on wool, blue and 
black on cotton and wool, and purple and black on silk. 
It was introduced from Mexico into Spain in the 16th 
century, where it became popular and effected great 
expansion in the art of dyeing. However, it did not 
meet with favor in England until 100 years later. 

Also known as campeche wood, logwood is extracted 
from the wood of the tree, Haematoxylon campechianum, 
which grows in tropical and subtropical areasin America. 

reshly cut wood from the tree is colorless; as with in- 
digo, the color probably exists as a glucoside. The 
wood, in the form of chips or paste, is fermented to pre- 
pare the color for dye application (10). 


MADDER 


Madder probably was used first in India, but the 
evidence from excavations indicates that it was also 
well known to the ancient Persians and Egyptians. Ref- 
erence to the use of madder was made by many Greek 
and Roman writers, including Pliny the Elder. The 
ancient Gauls also were familiar with it. 

There is no record of the production or use of madder 
in Europe during the period following the fall of Rome. 
In the East, however, trade in this dye continued im- 
portant with Bagdad as a center. European interest 
in madder revived about 700 a.p., and cultivation was 


Courtesy of the New York Botanical Garden 


Wild Indigo. Cultivation of Indigo Was Once an Important Industry 


begun throughout the civilized world. Spain and Por- 
tugal were for a time dyestuff centers because of their 
maritime ascendancy, and madder was one of the items 
which passed through their ports. Late in the 15th 
century Holland became very proficient in the growing 
of madder and maintained supremacy in its production 
and use for some 300 years. 





Other European countries, including France and 
England, cultivated madder, but it was not until the 
18th century that the French were able to compete suc- 
cessfully with the Dutch who had given much study to 
the cultivation and recovery of color from the madder 
plant. To promote the industry in their respective 
countries, France and England adopted such expedients 
as dyeing all military uniforms red with madder, hence 
the term “redcoat”’ for the British soldiers in the Ameri- 
can Revolution. 

During the middle of the 19th century madder pro- 
duction reached a total of 70,000 tons a year. It was 
grown in most of Europe, and in the Near East, North 
Africa, the Azores, the Americas, India, and Australia. 
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Courtesy of the New York Botanical Garden 


Wild Madder. Drawing from an Old Book 


Madder growing was abandoned in most parts of the 
world after the synthesis of the color made it available 
at a price about one-quarter the cost of its extraction 
from the plant. The synthetic preparation of the an- 
thraquinone compound alizarin, the color component of 
madder, was discovered in 1869 by Graebe and Lieber- 
mann. 

The coloring principle of madder comes from the roots 
of a number of herbaceous plants, generally Rubia tinc- 
torum or Rubia peregrina. Most of the pigment is 
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found in a red mass between the outer skin and the 
woody part of the root; the pigment is composed of 
glucosides, the most important one of which is rubery- 
thric acid. This glucoside is hydrolyzed to the dye 
alizarin when madder is fermented. 

In a typical extraction, the madder root was dried, 
treated with a mixture of potash and cow dung for three 
to four days, and then pounded in a mill to pulverize the 
heart of the root so that it could be separated by sieving. 
The powder was stored for some time and fermentation 
developed the dyestuff (10, 13). 


TYRIAN PURPLE 


During ancient and medieval times the possession of 
a garment dyed with Tyrian purple indicated royalty, 
power, or, at the least, great wealth. Among the ancient 
Hebrews the color was used to denote sacredness, 
Tyrian purple possessed great brilliance and fastness in 
comparison with other known dyes. Large quantities 
of shellfish were required to make small amounts of this 
dye; demand coupled with laborious and costly manu- 
facture made it the most expensive color used in ancient 
times. 

Tyrian purple was obtained from purpura shellfish, a 
carnivorous species which occurs for the most part in 
warm seas. The dye is present in the mucous gland 
adjacent to the respiratory tract. When the yellowish 
mucus is applied to cloth and exposed to sunlight, the 
purple color develops. 

Tyrian purple was first made on the island of Crete 
as early as 1600 B.c. About 160 years later the Phoe- 
nicians began its manufacture in appreciable quantities 
for trading purposes. They searched for purpura shell- 
fish along the shores of the Mediterranean and Adriatic 
Seas, and ventured into the Atlantic Ocean to reach the 
west coast of Africa where the fish were to be found in 
large numbers. Dye works and trading posts were es- 
tablished at many points, the most famous of which was 
Tyre. 

The general method for extracting the color from pur- 
pura shellfish was to crush the mollusks, shell and all, 
or open them and remove the gland, then salt the mass 
for three days, and, finally, boil the whole in water for 
about ten days. The result was a clear concentrated 
solution of the dye. Flesh fragments and the insol- 
uble foreign bodies were removed by skimming. The 
fabric was exposed to sunlight after steeping in the 
solution in order to develop the true brilliant color of 
Tyrian purple. 

The industry flourished long after the political eclipse 
of the Phoenicians. In the western Mediterranean it 
declined only after the fall of Rome. The eastern Medi- 
terranean industry shifted in 638 from Tyre as a center 
to Byzantium because of the conquest of Tyre by the 
Arabs. There was a revival in Sicily during the Middle 
Ages in competition with the Near East, but the use of 
the dye in both the east and the west declined steadily 
due to the introduction of cheaper dyes, such as kermes, 
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and practically ceased after the Turks captured Con- 
stantinople in 1453. 

The chemical formula of Tyrian purple is related to 
the formula for indigo. It is the indigo molecule bro- 
minated at the 6,6’ positions. Synthesis of the dye is 
comparatively easy; however, the present demand for 
it is small, and other dyestuffs are used to achieve the 
color when necessary (3,10). 


KERMES 


A brilliant scarlet color is obtainable from several 
species of the shield louse. One variety is kermes which 
lives on the leaves and stems of trees and shrubs with 
prickly leaves, such as the holly and the kermes oak. 

The kermes insect was found in most regions in- 
habited by ancient civilizations. Indications are that 
the Phoenicians, experienced dyers, were the first to 
recognize the color properties of kermes. The oldest 
evidence of the use of the dye is in the Bible. Rome 
prized it so highly that she made it part of the tribute 
paid her annually by several conquered nations, includ- 
ing Spain. Hebrew and Arabian writers knew it to be 
of animal origin, but the Greeks and Romans supposed 
it to be vegetable, an erroneous belief which persisted 
in Europe until the 17th century. 

When the Arabs spread westward after the Roman 
Empire fell, Europe became familiar with the techniques 
of kermes dyeing which the Arabs had practiced since 
ancient times. Venice was the principal trade center 
for kermes during the Middle Ages and the Renaissance, 
and she supplied the continent with scarlet cloth dyed 
in kermes imported from the Orient. Only kermes 
color was used to dye the fez and a cap of the same color 
worn by the Greeks. Kermes, grown in southwestern 
Europe, was exported from Marseille. 

Kermes was sold in the form of reddish brown pellets 
about the size of peas. Each pellet had a tiny hole and 
was filled with dark red particles which were the color 
substance. Pulverization of the pellets rendered the 
color easily soluble in alcohol or water. 

A pellet or ball consisted of a female kermes insect 
which had laid her eggs (the grains) and died, drying 
out to form a protective shield for the eggs. These balls 
were found stuck to branches. They were plucked and 
treated by vinegar bath or vinegar fumes to kill the eggs; 
after drying they were stored for eventual use. 

Late in the 17th century Mexican cochineal, another 
scarlet shield-louse dye superior to and cheaper than 
kermes, was introduced into Europe and kermes imports 
dropped markedly. With the advent of coal-tar dye- 
stuffs, kermes disappeared almost entirely (4, 10). 


COCHINEAL 


Cochineal is a scarlet dye obtained from the Coccus 
cacti L. variety of the shield louse, which differs in shape 
from the kermes insect. Its habitat is Mexico. The 
Aztecs cultivated it for its color, and, as the Romans 
with kermes, they exacted cochineal as tribute. ; 
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The conquering Spaniards recognized that cochineal 
was not only more available, but superior to kermes, and 
began shipping the dyestuff to Europe, where it even- 
tually replaced kermes. It was one of the first dyes to 
come from the New World. 

Numerous attempts were made to grow cochineal in 
other countries. These were successful in the Canary 
Islands, Spain, and parts of Central America. The 
cochineal trade was at its height in 1870. Its decline be- 


gan with the introduction of the coal-tar dyestuff, aniline 


Courtesy of the American Museum of Natural History, New York 
Murex Shellfish Yielded Purple Dye 


red, discovered by A. W. Hofmann in 1858. After azo 
dyes superseded it about 1880, use of cochineal became 
limited to that of a nonpoisonous food colorant. 

The cochineal “grains,” as marketed, are the dried 
bodies of female insects. They are stable and show no 
loss in dyeing potency even after many years in storage. 
Their shape is shield-like, and they appear black, silver- 
gray, or red. 

The insects live on the Indian fig tree or on nopal, a 
variety of cactus. They are prolific and can be har- 
vested as often as three times a year. (Only one or two 
harvests a year are possible for kermes.) The fully 
grown female insects are brushed from the plants upon 
which they feed into bags or small wooden bowls. They 
are then killed by the heat of an oven, by hot water, or 
be steam. With this treatment they burst and turn 
bright red. The insects are dried and lose approximately 
one-third their weight. About 70,000 insects are re- 
quired to make each pound of cochineal (4, 10, 17). 





6 


OTHER NATURAL DYESTUFFS 


Various other dyestuffs, chiefly of vegetable origin, 
were known to ancient man and later used by civilized 
peoples. 


Cutch is a brown dye extracted from acacia, catechu, and 
mimosa wood. It has been used chiefly in Europe, America, 
and Asia, where the natives of India have employed it for over 
2000 years. Yellow shades were obtained from saffron, weld, 
turmeric, old fustic, young fustic (also orange, brown, or dark 
olive shades), safflower (also orange and red shades), and quer- 
citron (brownish yellow). Saffron, originally processed from 
pistils of a crocus plant (sativus) growing in Persia, was known 
to the Egyptians, Greeks, and Romans and continued in use in 
medieval Europe. Safflower, extracted from the floret heads of 
the thistle, Carthamus tinctorius, is still used in India although 
it has been replaced in Europe and the Mediterranean area 
where it formerly enjoyed wide use. The most ancient yellow 
dye, weld, from the dried plant Reseda luteola, was widely used 
in Gaul and northern Europe. Old fustic, which, when intro- 
duced by the Spanish, replaced weld in the 16th century and is 
still used today, comes from the wood of Chlorophora tinctora, 

*a member of the mulberry family growing in the West Indies 
and tropical America. Young fustic, obtained from the stem 
and larger branches of Rhus cotinus, the smoke tree common in 
Asia, Europe, and America, was used in medieval Europe. 
Quercitron, a native American dye, is obtained from the ground 
inner bark of several varieties of oak. Still used in India and 
Asia Minor today, turmeric comes from the ground roots of the 
turmeric plant, Curcuma longa. 

Lac, brazilwood, and orseille are naturally occurring red- 
shade dyes. Used largely in Asia, lac is produced by the insect 
Coccus lacca, which feeds on banyan and fig trees. Brazilwood 
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Kermes Insects on a Branch 
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(Caesalpina echinata), growing in southeast Asia and Brazil, 
provides the dye of the same name used to a limited extent today. 
The wood is powdered, moistened, and fermented for five weeks 
to give the red color popular in medieval Europe. Orseille, 
obtained from the heads of lichens, was known by the ancient 
Greeks. Its use today is limited, although it was once employed 
extensively in the Near East, whence it was introduced to 
Europe about 1300 (10). : 


COLORS USED BY THE AMERICAN INDIANS 


The Indians in North and South America used dye- 
stuffs many centuries before the explorations of the 
Europeans. Cochineal and indigo were used by the 
prehistoric Peruvians to dye textiles. Native Indians 
on the west coast of Central America used the dye from 
the purpura shellfish to color yarn long before the land- 
ing of the Spanish in America. * Indigo, logwood, cochi- 
neal, brazilwood, fustic, orseille, quercitron, and other 
dyes shipped from the New World were to be found in 
European markets after the Spanish conquests. 

The Navaho Indians are famous for their colored 
woolen rugs and blankets. They acquired a knowledge 
of the art as a result of their forays on the Pueblos, prob- 
ably in the latter part of the 16th century. The Pueblos, 
long skilled in coloring vegetable fibers for cotton goods 
and baskets, had, under the influence of the Spaniards, 
changed to sheep raising and applied their coloring and 
weaving techniques to wool fibers; it was in this con- 
nection that the Spaniards had introduced indigotothem. 
The Navahos learned the Pueblo techniques and ex- 
panded them greatly. 


Navaho colors, except indigo, were all of local origin 
and reflected the beautiful pale yellows, browns, grays, 
tans, and rose of the Southwest Desert. An ink based 
on ferrous tannate and colloidal carbon was used for 


black and gray shades. It was prepared from yellow 
ochre, the pitch gum of the pifion tree, and the leaves 
and twigs of the aromatic sumac. The ochre was 
roasted until it turned brown and then heated to dry- 
ness with the pitch to give a black powder. This treat- 
ment reduced the iron in the ochre to the ferrous state 
and also formed carbon. After cooling, the powder was 
thrown into a decoction of the aromatic sumac (tannic 
acid) to give a rich blue-black fluid. 

Yellows in various shades were extracted from several 
of the local plants. Among these were the yellow 
flowering tops of rabbit weed (a member of the aster 
family), the root of the dock plant (buckwheat family), 
the blossoms, leaves, and stems of actinea, and the en- 
tire plant of the owl’s claw, lichen, and basin sagebrush. 
Shades of orange came from decoctions of canyaigre 
and lichen in conjunction with suitable auxiliary agents, 
such as alum, juniper ashes, and sumac. Rabbit weed 
gave a yellow-green if green portions of the plant and 
the yellow blossoms were used together. Browns were 
obtained from boiled extracts of alder bark, canyaigre 
root, root bark of the mountain mahogany, and the 
leaves, nuts, and hulls of the walnut tree. 

The Indian tribes of Wisconsin and the Great Lakes 
region obtained colors by boiling various parts of plants 
in water. Yellow was obtained from sumac roots and 
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from the spotted touch-me-not, ladies’ sorrel, speckled 
alder, bloodroot, and gold-thread herb. The sorrel 
plant, black oak, and bloodroot were also used in making 
orange. An orange-red was obtained from bloodroot, 
and a dark red from hemlock bark. The hooked crow- 
foot herb, inner birch bark, and osier-dogwood bark 
were additional sources of red. An extract from old 
and rotten maple wood was the basis of purple. 

Brown was their favorite color. It was obtained 
from the speckled alder, the butternut, the hemlock, 
and the sweet gale shrub (1, 3, 5, 7, 14-17). 


MORDANTS AND OTHER AUXILIARY COMPOUNDS 


Auxiliary compounds must be used in conjunction 
with many dyes which cannot be applied directly to 
textile fabrics. These auxiliary compounds may be 
classified into three groups: mordants which help to 
fix the dye to the fabric; compounds which develop the 
dye color; and compounds which facilitate dyeing 
technique. Quite often compounds in the first group 
are also found in the second group since they develop 
the color as well as fix it. 

Included among compounds which bring out the dye 
color are various oxidizing agents which convert dye- 
stuffs from the lewco to the color form. Organic acids 
are often used to break linkages in certain stabilized 
diazo compounds which then can react with coupling 
components to produce the final color. Other com- 


pounds, which in the trade are commonly called ‘‘de- 


velopers,”’ like the naphthols, resorcinol, etc., actually 
form part of the dyestuff by a diazo reaction carried 
out directly upon the fiber. 

Mordants are indispensable to the dyeing industry 
because many dyes do not become fixed on given fabrics 
unless applied with a mordant. Thisis true toa greater 
extent of the chemically more inert vegetable fibers, 
such as cotton, rayon, and linen, than of the amphoteric 
protein animal fibers, such as wool and silk. Some 
mordants are colored compounds, but the color is not 
essential in the dye application. However, a given 
dyestuff will produce different colors depending upon 
the mordant used in applying it. The cloth may be 
treated first with mordant and then with dyestuff, or 
first with dyestuff and then with mordant; or the cloth 
may be treated simultaneously with both. In any case 
the result is chemical precipitation on the fiber of color 
complex from mordant and dyestuff originally in the 
soluble state. 

Knowledge of the use of mordants was acquired very 
early in history. Alum obtained from local mineral 
deposits was used by the Asiatic Indians, American 
Indians, Egyptians, Chinese, and Greeks. Certain 
plants used in India for dyeing have been found to con- 
tain alum. One important use of alum was in dyeing with 
madder and chaya, especially in Indian calico printing 
and in Turkey-red dyeing. Alum also was used in 
dyeing with Tyrian purple. : 

Tannic acid was very popular as a mordant. It was 
extracted from gall nuts and the bark of various trees, 


Courtesy of the American Museum of Natural History, New York 


Oak Leaves with Gall Nuts 


from sumac in Sicily and America, and from the cadou 
fruitin India. The Hindus, ancient Greeks, and Ameri- 
can Indians also used it. Medieval Europe employed 
it quite extensively. 

In the application of Tyrian purple, indigo, and other 
colors, urine was considered essential. It is noted in 
Pliny’s writings as having been employed by the Greeks 
and by the Romans of Pompeii, and is known to have 
been used by the Aztecs of Mexico. 

The value of oils or fatty matter in dyeing was long 
recognized. Buffalo milk, which has a high fat content, 
was used by the Hindus in their process of dyeing with 
chaya root. Oils played a very important part in the: 
famous Turkey-red dyeing process originated in the 
East Indies. 

Many other mordants were used in early times. 
Iron and calcium compounds, and also tartar, were im-- 
portant. The Hebrews used a soapwort and chalk 
bath. Peruvians employed aluminum- and calcium-- 
bearing silicates and iron oxides for coloring with 
cochineal and indigo. Iron tannate was favored by many 
American Indian tribes. Ashes were used by the Nava- 
hos and by the many tribes of the Wisconsin and Great 
Lakes region. The latter are known to have employed 
various clays, iron-containing red and black earths. 
from springs, grindstone dust (containing iron), and 
iron dust. 

The Turkey-red dyeing procedure may be taken as an: 
example of the complicated four-months-long procedure: 
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is a base due to the presence of free or alkylated amino 
groups. Acids solubilize these colors in water. They 
are applicable to animal (protein) fibers, such as wool, 
silk, etc., without the use of a mordant because of 
afinity for the amphoteric protein. However, mor- 
dants such as tannin and alum are required for dyeing 
vegetable fibers, for example cotton. The basic colors 
generally are characterized by great brilliancy and high 
tinctorial strength, but poor fastness to light and also to 
washing. Basic dyestuffs include many compounds of 
the chemical classes triphenylmethane, diphenyl- 
methane, acridine, induline, oxazine, thiazine, azine, and 
aZ0. 

Acid Dyes. This group is one of the largest in the 
field. Here the coloring principle of the dyestuff mole- 
cule is acidic in nature due to the presence of sulfonic 
acid groups. These dyes are generally marketed as 
alkali salts which are water soluble. Application is 
from an acid bath where the acid (sulfuric, formic, or 
acetic, etc.) promotes deposition of color on the fabric 
from the bath. Glauber’s salt is used in the bath as a 
leveling agent, for it tends to strip color from the fabric 
being dyed and thereby prevents localized or uneven 
dyeing. These acid dyes have no affinity for cotton and 
are used only for animal fibers, such as wool and silk, 
where there is affinity due to the amphoteric nature of 
the protein fibers. Properties of acid dyestuff appli- 
cations are exceedingly variable. Some come out very 
bright in shade, others pale. Fastness to light and to 
washing is quite different from one color to another. 
Acid colors may be members of the chemical classes 
nitro, mono-azo, dis-azo, nitroso, triphenylmethane, 
xanthene, anthraquinone, azine, and quinoline. 

Mordant or Chrome Dyes. As their name implies, 
members of this group of colors require mordants in 
their application—that is, they become insolubilized on 
fabrics only in conjunction with metallic salts. They 
are found in the chemical classifications anthraquinone, 
mono-az0, dis-azo, oxazine, triphenylmethane, nitroso, 
oxyquinone, and xanthene. As a rule mordant dye- 
stuffs are dyed on wool and silk, and the mordant used 
is a chromium compound. These chrome color appli- 
cations are fairly fast to light and washing. 

Madder, the earliest known mordant dyestuff, is an 
anthraquinone (alizarin) dyestuff. Alizarin dyestuffs, 
to some extent, still are dyed on cotton with a calcium 
aluminum mordant. : . 

Direct Dyes. The singular point about this class of 
colors is that application to vegetable fibers does not re- 
quire the use of a mordant. Glauber’s salt is used in 
the dye bath to facilitate dye exhaustion—that is, it 
furthers color take-up by the fabric. Congo red was 
the first direct dyestuff, and much development followed 
its discovery, so that there now is a very large range of 
colors available. Color fastness to acids, light, and 
washing in this group varies with the dyestuff used. 
Various dis-azo, tris-azo, tetrakis-azo, stilbene, thiazol, 
and dioxazine compounds make up the direct dyestuffs 
group. 

Sulfur Dyes. This class of colors is also applicable to 
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cotton, rayon, and other vegetable fibers without the 
use of amordant. On the whole, shades are duller than 
those of direct dyes, but fastness to light and to wash- 
ing is‘superior. These sulfur-containing dyestuffs are 
made by fusing together alkali sulfides and organic 
amino or nitro compounds. Little is known of the re- 
actions in their preparation or their chemical constitu- 
tion because of difficulty in isolating them in a pure 
state. Sodium sulfide and soda ash are used to dissolve 
them in the dye bath forming leuco compounds, and the 
color is then developed by oxidation. 

Vat Dyes. These represent, on the whole, the best 
dyestuffs available to the textile industry. They are 
complex in chemical nature and rather difficult to apply, 
but their brightness and fastness to light and washing 
are excellent. 

Vat dyes are so named because, like indigo, which 
was the first vat dye known, they must be reduced to 
the soluble leuco (often colorless) form before they can 
be-applied, and this reduction is carried out in vats. 
Indigo in the early days was reduced in fermentation 
vats and this technique still is used occasionally. For 
the most part modern dyeing practice makes use of so- 
dium hydrosulfite for conversion to the leuco form. 

After application to the fabric, the color is brought 
out by oxidation in air, by bichromate and sulfuric acid, 
sodium hypochlorite, sodium perborate, etc. These 
dyes belong to three chemical groups—anthraquinone, 
indigoid, and sulfide. 

Generally vat dyes are applied to vegetable fibers. 
Indigo is applied to wool as well (9, 19, 20). 


PIGMENTS 


During the past decade there has been an important 
trend toward decorating textiles with pigments in place 


A pigment is a color which will be applied 
in the insoluble state. A dyestuff is color dissolved in a 
suitable medium for application from solution. Dye- 
stuffs become pigments when they are applied from a 
medium in which they are insoluble or when they are 
precipitated onto the substance they are coloring. 

The use of pigments for textile decorating is not new. 
The Egyptians employed pigment paints to decorate 
their mummy cloths with hieroglyphics and figures of 
gods many centuries before the Christian Era. Ameri- 
can Indian tribes applied color to their fabrics of vege- 
table origin by rubbing in ochres and earths. They 
generally used three colors—hematite or some other 
iron-oxide red, yellow ochre, and blue or green from 
copper sulfate. Carbon was an essential component of 
the Navaho black application, and was prepared by 
roasting pifion pitch with ochre. The salmon pink in 
Navaho fabrics was obtained by boiling the yarn in 
water from clay-red-colored rain puddles on the mesas 
of the Southwest. 

Pigments were the colorants for the first textile print- 
ing pastes known to have been applied in Europe. This 
was in the 12th century by the monks in the abbeys of 
the lower Rhine. German printers used pigments 
through the 17th century until competition with fast 


of dyestuffs. 
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dyestuff prints from England and Holland forced them 
to turn to dyestuffs. Italian cloth printing of the 14th 
century employed pigments, such as ground charcoal, 
saffron, logwood, verdigris, red lead, vermilion, and in- 
digo. These pigments were ground in liquid varnish 
and block-printed on the fabric. 

During and after the 18th century the use of pigments 
for textile decorating declined to a role of little signifi- 
cance because such applications were comparatively 
poor in wash-fastness and stiffened the fabric. This 
was due to the inadequacy of the substances (natural 
vegetable gums, glue, albumin, starches, varnishes, etc.) 
employed to fix pigment to fabric. 

The reason for present-day popularity of pigments in 
coloring textiles is threefold. First, new synthetic 
resins have taken the place of the old natural gums, etc. 
These resins are fast to washing and resist alkali solu- 
tion; they withstand dry cleaning and scrubbing, are 
not affected by light over long periods of time, and, 
owing to their plasticity, impart a minimum of stiffness 
to the fabric. Secondly, an emulsion technique was de- 
veloped which made possible discrete application of the 
pigmented resin throughout the fabric, and this absence 
of. continuity helps to minimize stiffness of fabric. 
Finally, recent research has introduced a variety of new 
pigments, fine in particle size, brilliant in color, and 
extremely fast to washing, light, and dry cleaning. 
Phthalocyanine blue and phthalocyanine green, which 
cannot be applied readily to fabric from dyeing solution, 
are most noteworthy in this regard. Owing to their 
high color value, a minimum amount of pigment is 
necessary for coloring, and the fabric is not loaded up 
with pigment solids or resin binder (1, 2, 5, 6, 18). 

At the present time the greatest strides in the textile- 
dyeing industry are being made in the use of vat dyes 
and pigments. An even wider range of hues and 
greater improvements in fastness to light and washing, 
as well as simpler methods of application, are in store 
for the postwar years. 


. 


JOURNAL OF CHEMICAL EDUCATION 


LITERATURE CITED 


(1) AmspENn, C. A., “Navaho Weaving—Its Technique and 
History,” The Fine Arts Press, Santa Ana, Calif., 1934, 
chaps. V and VI. In cooperation with the Southwest 
Museum. 

(2) Benner, M., Interchem. Rev., 4, 75-87 (1945). 

(3) Born, W., Ciba Rev., 4, 106-29 (1937). 

(4) Born, W., zbid., 7, 206-27 (1938). 

(5) Bryan, N. G., 8S. Youna, anp C. K. Surrury, ‘Navaho 
Native Dyes—Their Preparation and Use,’’ a publication 
of the Education Division of the U. S. Office of Indian 
Affairs, U. S. Department of Interior, February 10, 1940. 

(6) Cxiovuzort, H., “‘Painted and Printed Fabrics,’’ Metropolitan 
Museum of Art, New York, 1927. 

(7) Densmore, F., “Uses of Plants by the Chippewa Indians,” 
44th Annual Report, Bureau of American Ethnology, 
369-74, U. S. Government Printing Office, Washington, 
D. C., 1928. 

(8) Farr, G. A., Ciba Rev., 9, 284-90 (1938). 

(9) Knecut, E., anp J. B. Forueraiu1, “The Principles and 
Practice of Textile Printing,’’ 3rd Ed., C. Griffin & 
Company, London, 1936. 

(10) Leaeert, W. F., “Ancient and Medieval Dyes,” Chemical 
Publishing Company, New York, 1944. 

(11) Lerx, A., Ciba Rev., 1, 19-21 (19387). 

(12) Percivat, Mac lI., ‘“The Chintz Book,’ Frederick A. Stokes 
Company, New York, 1923. 

(13) Scuarrer, G., Ciba Rev., 39, 1898-416 (1941). 

(14) Smrrx, H. H., ‘Ethnobotany of the Menomini Indians,” 
Bulletin of the Public Museum of the City of Milwaukee, 

+ 4, 1-174 (1923). 

(15) Smrru, H. H., ‘Ethnobotany of the Meskwaki Indians,” 
ibid., 4, 175-326 (1928). 

(16) Smrru, H. H., “Ethnobotany of the Ojibwe Indians,”’ zbid., 
4, 327-525 (1982). 

(17) Varmtuant, G. C., “Aztecs of Mexico—Origin, Rise, and 
Fall of the Aztec Nation,’”? Doubleday, Doran & Com- 
pany, Garden City, N. Y., 1941. 

(18) “Brief Guide to the Western Painted, Dyed, and Printed 
Textiles,” 2nd Ed., Victoria and Albert Museum—Depart- 
ment of Textiles, 1938. 

(19) Wurrraker, C. M., anp C. C. Witcock, “Dyeing with Coal 
Tar Dyestuffs,” 3rd Ed., D. Van Nostrand and Company, 
New York, 1938. 

(20) Wurrraker, C. M., anp C. C. Witcock, ibid., 4th ed., 
D. Van Nostrand and Company, New York, 1942. 


e ENCYCLOPEDIA OF CHEMICAL REACTIONS 


In THE October, 1933, issue of Tuts JourNAL the first article on 
“A Proposed Encyclopedia of Chemical Reactions” was pub- 
lished. That article was headed by a long editorial note contain- 
ing the following statement: ‘‘A work of the type proposed by 
Dr. Jacobson would combine the convenience of an index with a 
considerable portion of the informational content of abstract and 
reference works.” 

As a result of that, and briefer notices in other journals, such 
as Science, Industrial and Engineering Chemistry, Science News 
Letier, etc., more than 100 chemists volunteered to aid in the com- 
pilation of this work. Their contributions consisted in abstract- 
ing assigned sections of chemical literature and working it up 
into suitable form for publication in the Encyclopedia. 

Of all those who volunteered aid 15 were chosen as associate 
editors. More than 60 contributed reactions for Volume I, 
which was published last year by Reinhold Publishing Corp. 


The plan involves the reading and abstracting of chemical 
literature in all languages, and submitting all these results of 
search to the central office where the material is sorted and made 
uniform for publication. Of the 17,000 reactions assembled and 
filed, 3073 were included in Volume I and embrace the chemistry 
of aluminum, antimony, arsenic, barium, beryllium, bismuth, 
boron, and bromine, making a book of about 800 pages. Volume 
II will embrace the reactions under the elements whose names 
begin with C, with the possible exception of copper. 

Many journals still remain incompletely abstracted, especially 
those in foreign languages. Consequently it would be very de- 
sirable to obtain additional abstractors who would be willing to 
sacrifice some time and effort for the general good by volunteer- 
ing to abstract a small section of a journal not yet assigned. If 
so, please address the Editor-in-Chief, Dr. C. A. Jacobson, P. O. 
Box 123, Morgantown, West Virginia. 





EVIDENCE FOR THE IONIC NATURE OF 
CERTAIN CRYSTAL LATTICES 


Te study of the crystalline structure of elements 
and compounds is an important topic in modern chem- 
istry and physics. The subject takes its place at the 
present time even in elementary textbooks. However, 
with respect to the definite lattice structure of crystal- 
line compounds, such as ionic crystals, the standard 
college texts either do not mention this phase of the 
subject at all or pass over it without stating any evi- 
dence that ions rather than atoms or atomic groupings 
are the lattice unitsin certain crystals. Yet some of 
the evidence could, at least with brief explanation, be 
understood by the average college student. 

Upon surveying the field of some of the more recent 
texts, the authors find these statements as typical. 
Getman and Daniels! after discussing the reflection of 
X-rays by crystals made up of layers of atoms say: 


The crystal lattice might be made up of sodium chloride mole- 
cules as units, or the parts of the molecule might be separated to 
give a lattice of sodium atoms or ions, interpenetrating a lattice 
of chloride atoms or ions. A great deal of evidence, particularly 
relative intensities of X-ray reflections from various planes, sup- 
ports the view that two separate lattices are involved in sodium 
chloride and that the sodium ions alternate with chloride ions in 
the crystal. 


Without additional argument, the structural units 
henceforth become ions. 

Taylor and Taylor? simply call the units atoms, and 
let the matter go at that. Later on (p. 205) under the 
heading “The Binding Forces in Crystal Structure” 
they continue: 


In the sodium chloride crystal we have a typical case of the 
ionic bond. The positions in the lattice structure are occupied 
not by atoms of sodium and chlorine, but by the univalent ions 
of the element. 


Millard? says: 


When the elements forming a binary compound come from 
widely. separated columns of the periodic table, the chemical bond 
is usually due to a complete (or nearly complete) transfer of an 
electron from one atom to another. An alkali metal readily 
loses its one valence electron so that the outer shell is completed 
in the halogen. The crystals of such substances are presumably 
formed of ions and are termed ionic crystals. 





1 German, F. H., anp F. Danrxts, ‘‘Outlines of Physical Chem- 
istry,” 7th ed., John Wiley and Sons, Inc., New York, 1943, p. 50. 

2'Taytor, H. S., anp H. A. Taytor, “Elementary Physical 
Chemistry,” 2nd ed., D. Van Nostrand Company, Inc., New 
York, 1937, pp. 200-2. ‘ 

3 MitiarD, E. B., “Physical Chemistry for Colleges,” 5th 
ed., McGraw-Hill Book Company, Inc., New York, 1941, p. 148. 
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MacDougall‘ makes the following statement: 


Studies relating chiefly to the intensity of X-ray reflections have 
led to the view that in the case of most inorganic crystals the dif- 
fraction centers are not neutral atoms, but electrically charged 
atoms or groups called ions. It is highly probable, therefore, 
that a crystal of sodium chloride is to be looked upon as a collec- 
tion of sodium ions and chloride ions instead of electrically neutral 
atoms. 


These examples could be continued but are to be 
regarded as typical. On the other hand, one freshman 
text’ makes a commendable effort to give a logical justi- 
fication of the case. He states: 


If the liquid obtained by melting or dissolving an alkali or a 
salt contains electrically charged particles (namely, ions), were 
these present in the original crystal (italics his) or did the particles 
acquire their charges in the process of melting or dissolving the crys- 
tal? Several different sorts of evidence give us the answer. 
Simplest and most convincing is the fact that the energy ex- 
pended in melting, then vaporizing a typical alkali or salt is very 
nearly that calculated to be necessary in overcoming the attrac- 
tive forces that would exist between oppositely charged ions of 
the sizes and charges assumed for ions on other evidence. More- 
over, ions are now known to be of a different size from the cor- 
responding uncharged atoms, and consequently build up crystals 
with a different type of symmetry. The type of symmetry actu- 
ally observed and the center-to-center distances between the 
particles within crystals of alkalies or most salts, as revealed by 
X-rays, turn out to be those expected for ions rather than those 
for uncharged particles. There is therefore no doubt, that, in 
crystals that yield conducting liquids when melted or dissolved, elec- 
trically charged ions are present in the crystal itself (italics his). 


As a result of the neglect which this topic has gen- 
erally suffered in the average college texts, the authors 
have collected here some of the various types of evi- 
dence which tend to support the theory of ionic bonding 
in certain crystals. As far as we know, this is the first 
time that an attempt has been made to collect the 
several methods for determining the type of crystal 
lattice bonding and to treat the subject on an under- 
graduate college level. Experimental results based on 
the classic ionic bonding theory have been stressed 
particularly in this paper rather than the various theo- 
retical considerations inherent in a more rigorous 
and refined treatment, since they would only have led 
us too deeply into difficult mathematical concepts 
which could not very well be included in the average 

4MacDougeau, F. H., “Physical Chemistry,” The Mac- 
millan Company, New York, i936, p. 114. 


5 Demina, H. G., ‘Fundamental Chemistry,” John Wiley and 
Sons, Inc., New York, 1940, p. 171. 
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college text. For a more complete discussion of the 
theory of ionic crystals a knowledge of quantum mechan- 
ics, wave mechanics, and other branches of higher 
mathematics is essential. The reader interested in the 
more theoretical aspects of the problem may refer to 
the excellent books on this subject by Seitz, Mott and 
Gurney,’ Fowler,’ and Pauling.® 

The evidence for the ionic structure of certain crystal 
lattices may be classified roughly under seven head- 
ings: 

1. Paramagnetic Susceptibilities: Upon application 
of a magnetic field, every substance is influenced by 
two kinds of magnetic polarization.“ The first type 
of magnetic polarization is called diamagnetic, and it 
produces a field in the substance which tends to oppose 
the externally applied field. A substance so affected 
is repelled by a magnet, or in other words, the direction 
of polarization is negative. Since this susceptibility 
to diamagnetic polarization is essentially independent 
of the structure of the molecules making up the sub- 
stance, it is not helpful to us in distinguishing between 
the polar and covalent bonds in the crystal. 

On the other hand, in addition to diamagnetic polar- 
ization, many types of substances exhibit a further 
type of polarization when exposed to an externally 
applied field—namely, a polarization opposite in sign 
to the diamagnetic one. This polarization, which may 
be large in size, tends to line up with, rather than 
oppose, the externally applied field. This is termed 


paramagnetic polarization and arises from the per- 
manent dipole moments which may exist in the atoms, 
ions, or molecules which may make up the fundamental 


units of the substance itself. The permanent dipoles 
possessed by these units themselves arise either from 
the existence of unpaired electrons in the structure, 
which produce a magnetic moment of spin, or from a 
similar moment connected with the motions of the elec- 
trons in their orbits. Actually, both of these factors 
contribute to the possession of a permanent dipole 
moment by the structural units. We say then that the 
substance has a paramagnetic susceptibility. These 
permanent dipoles tend to orient themselves with the 
external field. 

At a given temperature, therefore, the molal para- 
magnetic susceptibility may be related to the type of 
bonding between the fundamental structural units. 
The atomic magnetic susceptibility is an experimen- 
tally determinable quantity. Now it has been shown 
by Pauli! that the expected magnetic moments for 
the ionic and covalent bonds are 5.91 and 1.73 Bohr 
magnetons, respectively. The experimental values 





6 Seitz, F., ‘The Modern Theory of Solids,” McGraw-Hill 
Book Company, Inc., New York, 1940. 

7 Mort, N. F., anp R. W. Gurney, “Electronic Procésses in 
Ionic Crystals,” Clarendon Press, Oxford, 1940. 

8’ Fowiter, R. H., “Statistical Mechanics,” Cambridge Uni- 
versity Press, New York, 1936. 

® Pautine, L., “The Nature of the Chemical Bond,” Cornell 
University Press, Ithaca, 1939. 

10 A third kind of magnetism, ferromagnetism, is permanent 
and exists in many substances in the absence of an applied field. 

11 Pau, W., Z. Physik., 41, 81 (1927). 
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for certain typical compounds as calculated from their 
measured paramagnetic susceptibilities are: (NH,);- 
FeF’s = 5.88; FeCl; = 5.84; FeSO,:7H,O = 4.99: 
Fel; = 5.4; and K;Fe(CN). = 2.0. It is therefore 
reasonable to suggest that the bonding of the first 
four compounds is essentially ionic in nature while 
that of the last mentioned compound is primarily cova- 
lent.?? 

2. Photochemical Phenomena in Regions of Con- 
tinuous Absorption: According to the quantum theory, 
the absorption of light by atoms produces a change 
from a stationary state of lower energy to one of higher 
energy. These changes are revealed in the form of 
absorption line spectra, each line corresponding to a 
change from a lower to a higher energy level. With 
molecules, the phenomena resulting from light absorp- 
tion are very much more complex than in the case of 
atoms. For with molecules, in addition to the elec- 
tronic excitation that is also obtained with atoms, 
there are in addition possible changes in the rotational 
and vibrational energies of the molecule. The general 
method of approach to the problem is, however, similar 
to that used in atomic systems. 

The vibrational and rotational energies of molecules 
are revealed as band absorption systems and not as 
single lines as in the case of atoms. With polyatomic 
molecules, these band systems are so complex and over- 
lap one another so markedly that their resolution into 
individual band systems is a laborious task even to 
the expert, and only in special cases has the elucidation 
of individual bands been achieved. However, the 
normal molecule, as well as each state of excitation, 
possesses in addition to the discontinuous band system 
just mentioned a region of continuous absorption, in 
which neither vibrational nor rotational structure and 
energy are revealed. When one examines the absorp- 
tion spectrum of a molecule, it shows that in each band 
system the individual vibration-rotation bands con- 
verge toward a region of continuous absorption. As 
already stated, these continuous regions do not possess 
any structure, and there is a complete absence of vibra- 
tional and rotational states. It is in these continuous 
regions that photochemical phenomena indicate 
whether we are dealing with atomic (homopolar) or 
ionic (heteropolar) bonds. 

This has been studied in connection with certain 
diatomic gases and the vapors of the alkali halides. 
Franck!* first postulated that, with atomically bound 
or homopolar molecules, such as Cle, Bre, and I:, ab- 
sorption in the continuous region involves the dissocia- 
tion of the molecule into two atoms—one in the normal 
state, the other one in an electronically excited state. 
This postulate was shown to be correct by the researches 
of Turner" and Kuhn." 

By calculating the heat of dissociation of Cl, Bro, 


aramagnetism see J. H. 
agnetic Susceptibilities,” 





12 For an excellent discussion of 
Van Vukck, “Theory of Electric and 
Clarendon Press, Oxford, 1932. 

18 FRANCK, J., Trans. Faraday Soc., 21, 5386 (1925). 

14 Turner, L. A., Phys. Rev., 27, 397 (1926). 

1’ Kuan, H., Z. Physik., 39, 77 (1926). 
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and I; from spectroscopic data, using Franck’s postulate 
that the molecule dissociates into one normal and one 
electronically excited 4tom and then comparing these 
with thermochemically obtained values of the heat of 
dissociation of Cls, Bre, and Iz, excellent agreement was 
found as indicated in Table 1.'* 





TABLE 1 


Spectroscopic and Thermochemical Heats of Dissociation 
of Halogens 





Thermochemical heat 
of dissociation, 
kg.-cal. 


Spectroscopic heat 
of dissociation, 


Gas kg.-cal. 





57.0 
46.2 
34.5 


Cl, 56.9 
Bre 45.2 
I, 35.2 





Researches on hydrogen by Dieke and Hopfield” and 
on hydrogen iodide by Tingey and Gerke and by 
Bonhoeffer and Steiner’ have shown that these 
molecules too are atomically bound (homopolar). 

For ionically bound (heteropolar) molecules, theo- 
retical treatment by Hund” and experimental studies 
by Franck, Kuhn, and Rollefson?! indicate that in 
sharp contrast to atomically bound molecules, heter- 
opolar diatomic molecules dissociate into two normal 
atoms when the optical energy is just sufficient for this 
change to occur. Excess optical energy absorbed over 
and above that required for the process is transformed 
into kinetic energy of the fragments. As in the case 
of atomically bound molecules, a comparison of the 
heat of dissociation of alkali halides from spectroscopic 
data using, in this case, Hund’s assumption that the 
molecule dissociates into two normal atoms, and values 
of the heat of dissociation of alkali halides thermochemi- 
cally obtained show excellent agreement, proving that 
the alkali halides have a primarily ionic bonding in 
their lattice as shown in Table 2 taken from Taylor’s 
book.?2 





TABLE 2 
Spectroscopic and Thermochemical Heats of Dissociation 
of Alkali Halides 





Thermochemical 
heat of 
dissociation, 
kg.-cal. 


Spectroscopic 
heat 


0 
dissociation, 


Process kg.-cal. 


Na+I 73 63 
Na + Br 91 84 
Na + Cl 103 103 


Substance 


Nal 
NaBr 
NaCl 








16 Taytor, H. S., ‘A Treatise on Physical Chemistry,” Vol. 2, 
D. Van Nostrand Company, Inc., New York, 1931, p. 1472, 
Table IV. 

a “ G. H., ano J. J. Hoprienp, Z. Physik., 40, 299 

8 Tincry, H. C., anp R. H. Gerxn, J. Am. Chem. Soc., 48, 
1839 (1926). 

19 BoNHOEFFER, K. F., anp W. Steiner, Z. physik. Chem., 
122, 287 (1926). ‘ 

°° Hunp, F., Z. Physik., 40, 742 (1927). 

21 FRANCK, J., ET AL., Z. Physik., 43, 155 (1927). 

22 Taytor, H. &., loc. cit., p. 1475, Table V. 
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8. A Comparison of Lattice Energies: The lattice 
energy of an ionic crystal may be defined as the energy 
change in the process of bringing the ions at first in- 
finitely separated from one another to the positions 
which they occupy in the crystal lattice. In order to 
account for the stability of crystals assumed to be 
composed of ions, it is necessary to assume that in 
addition to the Coulomb attraction and repulsion of 
their charges there are intrinsic repulsive forces result- 
ing from the overlapping of the ions which change 
rapidly with a change of the interionic distance. 
Neglecting van der Waals’ attractive forces—forces 
due to polarization and induced dipole moments— 
because of their insignificant quantitative effect a 
mathematical treatment of the above considerations 
will give us the following formula for 4, the energy per 
unit cell in an ionic crystal in equilibrium?* 


nae 2E- arty A - 1 
i Ro ’ *) (1) 


where a is the largest common factor in the valences of 


all the ions, uv is the number of stoichiometric molecules 
in the unit cell, Ry is the equilibrium distance of the 
ions which can be determined by X-ray data and den- 
sity measurements, 7 is a constant which can be de- 
termined from the compressibility of the crystal and 
other physical properties, « is the unit of electrical 
charge, and A is a constant depending only on the 
structure of the crystal. It is known as Madelung’s 
constant and can be evaluated by straightforward 
mathematical methods developed by Appell,?4 Made- 
lung,” Ewald,” Born,” and Emersleben,” and others. 

The lattice energy Uo per mol is then 
Ne, 

BM 


De isin 


where N is Avogadro’s number. 

By combining (1) and (2), we obtain the equation 
for the lattice energy per mol (U,)”* 

2 
Hecke = ac, ) (3) 

Since all the factors on the right hand side of equa- 
tion (3) can be determined experimentally and inde- 
pendently of one another, this equation will give us the 
values of Uo, the lattice energy of ionic crystals. 

On the other hand, U, (a positive quantity) also repre- 
sents the heat of formation per mol MX (crystal) from 
M+ (gas) and X~ (gas). The following cycle was 
derived by Born*®® and Haber*! to relate the lattice 
energy of the crystal to other thermochemical quan- 





23 Born, M., anp A. Lanpk, Ber., 45, 1048 (1918); Verhandl. 
deut. Phys. Ges., 20, 202 (1918). 

24 AppELL, P., Acta Math., 4, 313 (1884). 

2% Mape.une, E., Physik. Z., 19, 524 (1918). 

26 Ewa.p, P. P., Ann. Physik., 64, 253 (1921). 

27 Born, M., Z. Physik., 7, 124 (1921). 

28 EMERSLEBEN, O., Physik. Z., 24, 73 (1923). a 

2 For a complete mathematical treatment of this, see J 
SuerMan, Chem. Revs., 11, 93 (1932). 

30 Born, M., Verhandl. deut. Phys. Ges., 21, 13 (1919). 

31 Haper, F., ibid., 21, 750 (1919). 
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tities, since unfortunately the lattice energy cannot 
be measured directly by thermochemical means. 








[MX] >(M+) + (X-) 
—Q -I+£8 (4) 
[M] + ¢/2X2)——— (M) + (X) 


—S — 4D 


Brackets here indicate crystalline substances and 
parentheses denote substances in the gaseous state. 
For convenience, a binary univalent crystal has been 
used as an example in this discussion, although it is 
to be remembered that the treatment is valid for any 
other type of crystal provided that the appropriate 
modifications are made. 

The symbols are defined by the following thermo- 
chemical equations: 


[MX] = (M*) + (X—); AHog = Us, lattice energy 

[MX] = [M] + (1/2X2); AH = Q, chemical heat of formation 
[M] = ; AH; = S, heat of sublimation 

(1/2X2) = (X); AH ns = D, heat of dissociation 

(M) = (M*) + (E-); AHox = 1, ionization potential 

(X-) = (X)+ (£7); AHoox = LE, electron affinity 


The cycle is to be regarded as isothermal at 25°C. 
Since the total change in heat content for the cycle 
(4) must add up to zero, we have the following equa- 
tion: 

U=Q+S+1+1/2D—-E (5) 


In the above equation (5), experimental values are 
available for Q, S, IJ, and D, but not for EZ. Except 
for hydrogen, values for the electron affinities are little 
known, or known with a very low degree of accuracy. 
The procedure adopted in testing equations (3) and (5) 
for agreement of the values of Up» is to use equation 
(5) with calculated values of U, from equation (3) to 
find E, the electron affinity. As a test of the method 
one then examines the constancy of E for a series of 
alkali halides containing the same halogen to find the 
electron affinity of the halogens, or a series of alkaline 
earth sulfides to find the electron affinity of sulfur, etc. 
The tables on these tests can be found in Sherman’s 
paper and the agreement of the values of the electron 
affinities of the various elements obtained from the 
several series of compounds investigated is excellent. 

By taking the data of the electron affinities obtained 
in this manner and using the experimentally known 
values for Q, S, I, and D, it is possible to determine 
U, according to the Born-Haber cycle (4) and equation 
(5). Comparing the values obtained thermochemically 
with those obtained by theoretical mathematical 
treatment of the primary assumption that we are deal- 
ing with ionic crystals [Equation (3)], we get the re- 
sults in Table 3.** 

This table shows then that the primary assumption 
of an ionic lattice leads to close agreement in the first 
five compounds, indicating that the bonding of their 





32 SHERMAN, J., loc. cit. 
33 A more complete table can be found in Sherman’s paper, 
loc. cit. 
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TABLE 3 


A Comparison of Theoretical and Experimental Values of 
Lattice Energies of Some Crystals 








Crystal Up exp. (3) Us theor. (5) A 
CaF, 617.2 617.7 —0.5 
CuF; 692.9 689.6 —4.7 
TIC 170.9 159.3 11.6 
SrCl, 494.0 493 .6 0.4 
TI 162.1 148.4 13.7 
Ag,O 715 585 130 
Cu,0 786 682 104 
PbO, 832 620 212 
CuS 683 612 ral 
HgS 842 774 68 





crystal lattice is indeed primarily ionic in nature. On 
the other hand, the pronounced disagreement in the 
last five compounds shows that the primary assumption 
of their ionic crystal structure was not valid and that 
therefore these last five compounds are essentially of a 
nonionic structure in their crystal lattice. 

4. Bond Energies: In the case of a molecule consist- 
ing of two atoms A and B, we have two possibilities as 
to its bonding—a normal covalent bond which can be 
written as A:B or an ionic bond A+B-. Experimental 
data have indicated that the covalent bond energies of a 
molecule can be expressed as the geometric mean of the 
individual bond energies of the atoms. For com- 
pounds, then, in which the actual bond energy is 
greater than that predicated by the geometric mean 
postulate, the excess may be taken as a fair measure of 
the ionic component of the bond. The following dis- 
cussion will indicate the general approach to this 
criterion of the type of chemical bonding in certain 
compounds. 

According to wave mechanics, a wave function rep- 
resenting the single bond in asymmetric molecule A—A 
can be written in the form 


Ob gs, + bbyty- + bb,-4+ (6) 


and a similar expression can be written for another 
molecule B—B. The ratio b/a determines the con- 
tribution of the ionic structure to the total bond en- 
ergies; in the case of like atoms this ratio is small and 
probably the same for all bonds between like atoms.* 

If in a molecule A—B, involving a single bond be- 
tween the two unlike atoms, the atoms are clearly 
similar in character, the bond between A and B could 
be represented by a wave function, such as (6) as an 
average for the molecules A—A and B—B. This type 
of bond is a normal covalent bond. If we now con- 
sider a molecule A—B in which the atoms A and B are 
dissimilar, one being more electronegative than the 
other, we must use the more general wave function: 


Ab a.g + Ch atg- + Wy-pt (7) 





34 The argument y, known as the Higenfunktion in Schroed- 
inger’s wave mechanics, is very difficult to conceive, and it is 
needless to attach to it a physical meaning. However, the fol- 
lowing definition is usually accepted: yy = electrical density, 


where y is the conjugate of the complex quantity y. For details 
see E. Scorogpincer, ‘Undulatory Mechanics,” Phys. 
28, 1049 (1926). 
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The values c/a and d/a will generally be different 
from b/a of equation (6), one being smaller, the other 


one greater. This can be formulated as the following 
law: The energy of an actual bond between unlike atoms 
is greater than (or equal to) the energy of a normal cova- 
lent bond between these atoms, and this additional bond 
energy 1s due to the tonic character of the bond. 

To test this conclusion, we make use of the postulate 
of the geometric mean of the normal covalent bonds— 
that is, we assume that the geometric mean of the two 
bond energies, D(A—A) and D(B—B), is the energy 
of the normal covalent bond'between the unlike atoms 
A and B. If this postulate is correct, the actual bond 
energies D(A—B) between unlike atoms should then 
always either be equal to or greater than the geometrical 
mean of the corresponding symmetrical bond energies, 
depending upon the amount of ionic bonding present 
in the crystal. In other words, the quantity A’, de- 
fined as 


A’ = D(A—B) — [D(A—A)-D(B—B)]'”* (8) 


should always be equal to zero or greater than zero, 
depending upon the additional energy contributed by 
the ionic bonds. A’ is therefore a measure of the addi- 
tional ionic resonance energy. 

Experimental values of bond energies of polyatomic 
molecules can be obtained from thermochemical and 
spectroscopic values of the dissociation energies. 
Table 4% shows the comparison of the experimental 
values of the bond energies and the values calculated 
from the postulate of the geometric mean. The A’s. 
are the measure of the ionic nature of the bonds in the 
crystal lattice. 











TABLE 4 
Experimental and Calculated Values of Bond Energies : 
Experimental bond 
energies HF ClF HCl BrCt IBr ICl 
Kg.-cal./mol. 147.5 86.4 102.7 52.7 42.9 51.0 


81.0 60.6 77.3 51.6 40.9 45.7 


D(H—H)-D(X—X)"/* 
D(H—H)-D(X—X) 66.525.8 25.4 1.1 2.0 5.3 





This would show then that the bonding of the first 
three compounds is largely ionic in nature while that 
of the last three compounds is almost completely cova- 
lent. 

To extend this consideration, it can be shown that 
it is possible to derive a quantitative expression for 
the actual amount of ionic character in a crystal from 
the above-mentioned properties of bond energies. 
The derivation is as follows. 

In place of the geometric mean postulate (8) of 
covalent bond energies, it is permissible to substitute an 
arithmetic mean postulate 


A = D(A—B) = '/:[D(A—A) + D(B—B)] (9) 
which is valid as long as the bond energies D(A—A) 
and D(B—B) do not differ greatly in value. In gen- 


% Taken from L. Pauuine, ‘The Nature of the Chemical 
Bond,” Cornell Universitv Press, Ithaca, 1939, p. 52. 
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eral the results based on this postulate agree fairly 
well with experimental values for the great majority 
of chemical compounds. If we denote the electronega- 
tivity values of the individual atoms by X, we then 
have the term (X, — Xz) for the difference of electro- 
negativity of the atoms A and B in the molecule A—B. 
This term of course depends quantitatively upon the 
amounts of the electrical charges on the individual 
atoms—that is, the ions—and so is a rough measure of 
the ionic contribution to the bond energy. Pauling 
has shown that we can express the total bond energy 
by the following empirical equation: 


1/2{D(A—A) + D(B—B)] + 23.06 (Xa — Xz)? 
(10) 


D(A—B) = 


where 23.06 is the conversion factor from volt electrons 
to kg.-cal./mol. The excess ionic energy A(A—B) can 
therefore approximately be given as 


A(A—B) = 23.06 (Xa — Xz)? (11) 


Then, knowing A(A—B), the magnitude of the extra 
ionic resonance energy, and knowing (X, — X;,), the 
electronegativity difference, it is possible to draw a 
curve according to the equation 
~e(Xa4 — Xz)? (12) 
where c has the empirical value of 0.25. (X, — Xz3) 
can be calculated from equation (10)*? and becomes 


eo — 1/.[D(A—A) + D(B—B)1}}/2 
23.06 


Amount of ionic character = 1 — e 


(13) 





(X4 — Xz) = 


According to this curve, a value of (X, — X;,) of 
unity would correspond to 22 per cent ionic bonding in 
the crystal, a value of 1.8 to 55 per cent ionic bonding, a 
value of 2.2 to 70 per cent ionic bonding, and so on. 
Thus, knowing the experimental values of the bond 
energies and the calculated values of bond energies, it 
is possible by means of equation (12) and the graph of 
equation (13) to determine the quantitative amount of 
ionic character in a crystal lattice bonding. 

5. Comparison of Interatomic and Interionic Dis- 
tances: As a result of the development of the X-ray 
method of studying the structure of crystals and the 
electron diffraction method of studying gas molecules, a 
large amount of information regarding interatomic 
and interionic distances in molecules and crystals has 
been collected.* 

Assuming that a crystal has an ionic lattice, it is 
possible to assign radii to these ions according to their 
observed interionic distances in the crystal lattice. 
Fairly accurate values of ionic radii were given by 
Wasastjerna® who divided the observed interionic dis- 
tances in crystals into ratios determined by the molar 
refraction values of the ions, the molar refraction being 
roughly proportional to the ionic volume. Wasast- 





3 PauLine, L., J. Am. Chem. Soc., 54, 3570 (1932). 

37 This curve can be found in Pauling’s book, loc. cit., p. 70. 

38 For references, see Pauling’s book, loc. cit., p. 155. 

39 WASASTJERNA, J. A., Soc. Sct. Fenn. Commentationes Phys. 
Math., 38, 1 (1923). 
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jerna’s table of radii was then revised and greatly ex- 
tended by Goldschmidt.” 

It has also been found possible to formulate a simple 
detailed representation of interionic forces in terms of 
ionic fadii which leads to complete agreement with the 
observed and assigned values of interionic distances. 
From wave mechanics, Pauling in two papers*! has 
succeeded in formulating a mathematical treatment of 


interionic distances in terms of ionic radii. In these 
papers he derives the equation 
= (r, + 7r_)F(¢) (14) 


in which Rp is the equilibrium anion-cation distance in 
the crystal (the interionic distance), r+ and r— the 
cation and anion radii, respectively (the ionic radii), 
and F(y) a function of the radius ratio. For alkali 
halides the values of F(¢) equals unity, which makes the 
interionic distance Ry equal to the sum of the ionic radii, 
according to the above equation. By calculating 
F(¢) for different crystal systems and substituting it in 
equation (14), the interionic distances can be calculated 
from the ionic radii for any crystal system chosen. 

From equation (14) which has been derived from the 
primary assumption that we are dealing with an ionic 
crystal lattice, it is possible to calculate the interionic 
distances in a crystal and compare them with the ob- 
served and assigned values. A close agreement would 
indicate then that the crystal lattice of the compound 
in question is primarily ionic in nature. Table 5 





TABLE 5 


Calculated and Observed Interionic Distances in Alkali 
Halide Crystals 


(The upper value of each pair is calculated, the lower value is 








observed) 
a Cl- pr | os 
r_ = 1.3841 r_ = 1.806 r_ = 1.951 r_ = 2.168 
Lit 2.009 2.566 2.747 3.022 
r, = 0.607 2.009 2.566 2.747 3.025 
Nat 2.303 2.814 2.980 3.233 
rz = 0.958 2.307 2.814 2.981 3.231 
Kt 2.664 3.139 3.293 3.529 
r, = 1,331 2.664 3.139 3.293 3.526 
Rb*t 2.817 3.283 3.434 3.664 
r, = 1.484 2.815 3.285 3.434 3.663 
Cst 3.005 3.451 
r, = 1.656 3.005 3.45 





taken from Pauling’s book‘? shows the agreement be- 
tween the calculated, and the observed and the as- 
signed values of the interionic distances in alkali hal- 
ides. 48 

6. Infrared Analysis: Infrared waves, that is elec- 
tromagnetic waves in the region from ly to about 





40 GotpscuminT, V. M., ‘‘Geochemische Verteilungsgesetze der 
Elemente,”’ Skrifter det Norske V: idenskaps-Akad. Olso I, Matem- 
Naturvid. Klasse, 1926. 

41 Pauine, L. ot 5 Am. Chem. Soc., 50, 1036 (1928); Z. Krist., 
67, 377 (1928). 

a2 Pautine, L., loc. cit., p. 388, Table 45-4. 

43 This is a very elementary presentation of a complex problem. 
For a more complete treatment of this question see Pauling’s 
book, loc. cit., pp. 323-52. 
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3004 can be used in several ways to test the nature of 
the chemical bonding in a crystal lattice. Rawlins and 
Taylor** make the following statement: 


. . in Infra-Red spectroscopy we are dealing fundamentally 
with the problem of the nature of interatomic linkages, and it 
becomes possible to supplement, in solids at least, the information 
on interatomic binding given by X-rays. 


Every crystal has a definite number of vibration 
frequencies depending entirely upon the structure of 
the crystal lattice. Some of these vibration frequencies 
are electronic in nature and show up in the ultraviolet 
range of the spectrum, some are due to the atoms in the 
crystal structure, and still others are acoustic (elastic) 
depending only upon the “body” of the crystal. In- 
frared analysis is concerned mainly with these “atomic” 
frequencies, for infrared radiation can be used to. set 
the component parts of a molecule into vibration and it 
is possible to determine their dynamic behavior from a 
consideration of the motions produced. 

Generally speaking, the “atomic” frequencies affect 
the passage of electromagnetic radiation, for if any of 
the atoms are ionized, the frequencies associated with 
these atoms can be stimulated by an impressed field of 
suitable periodicity. This is visually evident either by 
complete absorption of the energy or by reflection and 
dispersion of a continuous spectrum. These types of 
frequencies are called “active,” while those frequencies 
due to electrically neutral atoms are referred to as 
“inactive,” as their effects cannot be observed by visual 
or optical means. In other words, the existence of 
active frequencies is indicative of ionic forces in the 
crystal. 

According to the laws of quantum mechanics, the 
vibrational energy of a crystal can be obtained by 
summing up all the energies distributed among all the 
vibrations. In other words, the vibrational energy, U, 
at a certain temperature, 7', is a function of the tem- 
perature, 7’, and a frequency, ». 


U = F(T,v) (15) 


Since the specific heat of a compound at constant vol- 
ume, C,, is a function of the energy, U(C, = 6U/8T) 
it is also, in view of the relationship (15), a function of 
the frequency v. 


6U 


o, =U _ F(T») 


= SE! = F') 


6T (16) 


Haber* and W. C. McC. Lewis“ have shown that the 
vibrations of a crystal are the determining factor not 
only in the expression for its specific heat but also in 
the expression for various other thermochemical con- 
stants. They showed that the heat of formation, Q, 
of a compound may be expressed in terms of the char- 
acteristic frequencies associated with the reactants and 





44 Rawuins, F. I. G., anp A. M. Taytor, “Infra-Red Analysis 
of Molecular Structure, ” Ist ed., Cambridge University Press, 
1929, p. XIII. 

45 HABER, F., Verhandl. deut. e Ges., 13, 1117 (1911). 

46 Lewis, WC. McC., Trans. Chem. Soc., 111, 457 (1919). 
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Their expression for 


resultants in a chemical reaction. 
this relationship is 


Q = DN hrreactants risa! ZN hrresuitants (17) 


where N is Avogadro’s number and h is Planck’s con- 
stant. The important point is that their treatment 
identifies the frequencies, v, with the optically “active” 
frequencies in the electromagnetic spectrum. This 
equation can thus be utilized as a test for the ionic 
structure of a crystal lattice, for according to it, correct 
values of Q, the heat of formation, can be obtained 
only if the appropriate values of v (obtained from spec- 
troscopic data) are optically “active” frequencies— 
that is, frequencies due to an ionic crystal lattice. 
Close agreement of values of the heat of formation, Q, 
from thermochemical measurements and from Haber’s 
and Lewis’ equation is therefore an indication of the 
ionic bonding of the crystal concerned.“ 

7. Dielectric Constant: According to Coulomb’s law, 
the force, f, between two electric charges e, and e 





which are r cm. apart in a homogeneous medium is 
given by equation 


_ &1°2 


f aa €-r2 (18) 





where ¢ is the dielectric constant of the medium. An 
object which has two equal and opposite electrical 
charges, —e and +e, separated by a distance, r, has 
an electric moment yu. Such an object, especially when 
the distance, r, is extremely small is called a dipole, and 
since molecules are made up of positive and negative 
charges of electricity, they can be considered as a col- 
lection of dipoles. These molecules in the absence of 
an external electric field will not in general possess a 
resultant electric moment since the axes of the dipoles 
will be oriented chaotically in all possible directions. 
Therefore, when an object is exposed to an external 
electric field, the electric moment produced will be due 
either to (a) a relative displacement of charges in the 
molecule, (b) a partial orientation of the axes of the 
dipoles, or (c) a combination of both. A body possess- 
ing an electric moment is said to be polarized. (See 
evidence No. 1 above.) This polarizability, a, of a 
molecule, atom, or ion is defined as follows: If the body 
is placed in an external field, EZ, the dipole, yu, introduced 
is given by 
Bp=aE } (19) 
These above-mentioned elementary properties, if 
correctly applied, lead to another test for the amount of 
ionic bonding in a crystal lattice. Obviously, if it were 
possible to apply an external electrical field in such a 
way that the resulting polarization of the medium 
were due entirely to the displacement of the electric 
charges alone—case (a) above—the polarizability of the 
substance would be an indication of the amount of 





_ ’ For experimental work along this line see H. Von Hasan, 
Z. phys. Chem., 67, 129 (1909), T. Moran anv H. A. Ta¥ tor, 
J. Am. Chem. Soc., 44, 2886 (1922), and K. Horsenpant, J. 
Phys. Chem., 28, 758 (1924). 
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ionic bonding in the medium. It has been shown that 
in an external field of low frequency (electrostatic field) 
the polarization is due to both the relative displacement 
of the charges in the molecule and the orientation of the 
axes of the dipoles. In an external field of high fre- 
quency (101? to 10'* sec.—'), such as light waves would 
furnish, the orientation of the axes of the dipoles is ab- 
solutely unaffected by the rapidly alternating external 
field. The electrons, however, can follow the field so 
that the polarization of the medium is due entirely to 
the polarization of the ions themselves. 

According to the electromagnetic theory, there is, 
under certain circumstances which will be discussed be- 
low, the following relation between the dielectric con- 
stant ¢ and the refractive index, n 


& = n? (20) 


Since the refractive index is usually determined by 
means of light waves—that is, high-frequency external 
fields—the resulting polarization of the medium and the 
resulting value of ¢ (= n?) will be due solely to the 
polarization of the ions. The dielectric constant, e, 
as defined by equation (18) is determined in an elec- 
trostatic field (field of low frequency), and therefore 
the polarization of the medium and the resultant values 
for e will be due to the polarization of the ions and the 
orientation of the dipoles (molecules), thus leading to a 
higher value. For instance, ¢ for alkali halides is of 
the order 5, « is of the order 2.2; for the alkaline 
earth oxides « = 10, «& & 3; for thallium halides 
e = 30, « = 5. A similar difference exists for all 
ionic crystals. 

Since, as shown above, & is a function of the polar- 
izability, a, of the ions, it should be possible to calculate 
€) from the values of a of various ions and then com- 
pare these values with the experimental values of é 
obtained from measurement of refractive indices. 
Since a is calculated and derived from the basic assump- 
tion that we are dealing with ions, there should be a 
close agreement between the experimental and the cal- 
culated values of ¢ provided we are really dealing with 
primarily ionic crystal lattices. That such a close 
agreement actually exists will be shown below after a 
short discussion of the methods used to, calculate a and 
€) as a function of a. 

The polarizability of free ions has been calculated 
from refractivities of rare gases and ions in solution by 
Wasastjerna,® and by Fajans and Joos.” Born and 
Heisenberg,®! and also Pauling,®? have obtained values 
from the absorption spectra by means of a relation 
connecting the polarizability, a, with certain frequencies 
in the spectra.* 





48 For experimental work on this see W. R. Pout, Proc. Phys. 
Soc., 49, (extra part) 4 (1937). 

49 WASASTJERNA, J. A., Z. phys. Chem., 101, 193 (1922). 

50 Fagans, K., anp G. Joos, Z. Physik, 23, 1 (1924). 

51 Born, M., anp W. HEIsENBERG, Z. Physik., 23, 388 (1924). 

52 Pautine, L., Proc. Roy. Soc. (A), 114, 191 (1927). 

53 For mathematical details, see Handb. Phys., 24/1, 616 
(1933). For a table of various values of a, see ibid., 24/2, 942 
(1933). 
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é) as a function of a is by the Drude formula 


@ —1=4rNa 


where N is the number of ions per unit volume, or by 


the Lorentz-Lorenz formula 
@ — l 4 


ae “- wNa 
In both equations, the right hand side is proportional 
to the density—that is, the number and mass of the 
ions per unit’ volume—showing that the dielectric 
constant €) will depend primarily upon the number and 
type of ions per unit volume. By mathematical re- 
finement—that is, by consideration of the effective 
field of polarization and the interpenetration of the 
ions—equations (21) and (22) become 
o-1l _ Nay 
4r 1 —4/3r7Nay 


(22) 


New 
1 — 4/3 rNaz 





(23) 


@—1 


-1 N(a1 + a) 


a i= 4/3rN (a1 + a) (24) 





where the subscripts on the polarizabilities, a, refer to 
the two different ions in a binary compound. 


54 For a detailed mathematical discussion and derivation of the 


above equations, see N. F. Morr anp R. 
tronic Processes in Ionic Crystals,” The Clarendon Press, Ox- 


ford, 1940. 





(21) 


Gurney, “Elec- 
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In Table 6, taken from Mott and Gurney’s work, 
values of @, calculated from formulas (23) and (24) 
using Pauling’s values of the polarizabilities of the 
free ions for the alkali halides, are compared with values 
of « obtained experimentally from refractive index 
determinations. The agreement shown indicates ‘in 
the light of the above-mentioned postulates of the 
polarizabilities of the ions, that the crystals tabulated 
below are primarily ionic in nature. 





TABLE 6 


Experimental and Calculated Values of the Dielectric 
Constant, Ko 





Ko Ko 
(from 24) (experimental) 
1.78 
2.91 
2.33 
2.85 
2.39 
2.70 


Ko 
(from 23) 


142 
2.88 
2.18 
2.67 
2.21 
2.49 


Crystal 


NaF 
NaBr 
KCl 
KI 
RbBr 
RbI 








SUMMARY 


Seven types of evidence are offered to show that the 
crystal lattice of certain compounds is primarily ionic 
in nature. 


CALL TO ACTION 


af igen is one aspect of war which seldom reaches the pages 


of history books. It consists of the countless single acts of 
heroism which, performed day after day, eventually add up to 
final victory. A chapter of this brand of history was written 
on November il, 1942, during the second World War. It in- 
volved a little-known vessel, the ‘“Ondina,’” one of the Shell 
Group tanker fleet. 

On that day the 6341-ton tanker was crossing the Indian Ocean 
on her way to Abadan, Persia, with a full cargo. She was accom- 
panied by the “Bengal,” a small ship of the Indian Navy. About 
1000 miles southwest of Java they sighted what appeared to be 
two merchant ships proceeding at high speed. At closer range 
these innocent-looking vessels turned out to be two Japanese 
raiders of a size and with arms which hopelessly outclassed the 
“Ondina” and “Bengal.’”’ What had been a routine voyage now 
threatened to become a disaster. The two small ships were 
galvanized into instant action; Allied crews sprang to their 
battle stations. The ‘Bengal’? maneuvered herself into a posi- 
tion that would draw enemy fire, ordering the ‘“‘(Ondina”’ to take 
independent action. But the master of the “Ondina” refused to 
leave her companion ship to face these adversaries alone. Al- 
though the tanker possessed only one gun, she steamed to the 
attack at the side of the “‘Bengal’’ and opened fire on one of the 
enemy ships. Despite a murderous counterattack the “Ondina’s”’ 
gunner succeeded in placing several hits in quick succession on the 
bridge, superstructure, and stern of the Jap ship which soon 
burst into flames. As a number of explosions occurred on board 
the raider, her guns ceased firing and, stern blown off, the Jap 
ship went down. 

During this part of the engagement the “‘Ondina” had suffered 


serious injury. The topmast and aerials were shot away. Her 
captain had been killed on the bridge, her supply of munitions was 
exhausted, and the remaining raider’s fire was now concentrated 
upon her. Unable to continue the fight, the crew was forced to 
abandon ship. The enemy closed in on the lifeboats and raked 
them with machine-gun fire, killing the chief engineer and several 
others. 
“Ondina.”” The Jap ship then steamed away, confident that she 
had completely disabled both tanker and crew. 

The Japs’ triumph was premature, however. Despite the 
severe punishment she had taken, the ‘Ondina” remained 
afloat. When the sea was clear, her second officer, third engineer, 
and a gun layer (pointer) of the Australian Navy reboarded her, 
together with three other members of the crew. After inspecting 


the enormous damage, they found the engines, by some miracle, 


stillintact. They decided the battered little vessel was seaworthy 
enough to make port and embarked the rest of the crew. That 
was the beginning of the “‘Ondina’s” struggle to return to action. 
She was safely navigated to a nearby Australian port where she 
was repaired and subsequently rejoined the fight. 

The “Ondina’s” gallantry in action has been recognized by 
both the British and Netherlands governments. Her crew mem- 
bers have received numerous awards, among them the Bronze 
Cross, the Distinguished Service Cross, and the Distinguished 
Medal. But the most fitting tribute of all did not come until 
later. When the sounds and fury of battle had died away and 
liberation, long-dreamed-of, was at last an accomplished’ fact, 
one vessel was singled out to be the first tanker to enter the re 


Two torpedo charges were sent into the abandoned 
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opened ports of Antwerp and Rotterdam. She bore the nam; 


““Ondina.””—Reprinted from Shell News (June, 1946). 
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@ CHARTS OF ISOTOPES AND OF 
DISINTEGRATION AND TRANSMUTATION REACTIONS 


Proaress in recent years has increased the number 
of elements to 97, including the neutron as element of 
zero atomic number, and has vastly increased the num- 
ber of known stable and radioactive isotopes. To date, 
605 stable and radioactive isotopes (counting isobaric 
isotopes once only) have been studied sufficiently thor- 
oughly to establish the values of the atomic and mass 
numbers with moderate certainty, their percentage 
abundance in the case of the stable isotopes, and the na- 
ture and period of their disintegrations in the case of the 
radioactive isotopes. Seaborg’s Table of Isotopes (1) 
is an authoritative source of the pertinent data to the 
time of its publication. It is an important teaching and 
research tool. The writer has found two types of 
charts based upon it and later data (2) of great value in 
teaching the subjects of nuclear transmutations, nuclear 
fissions, and natural and artificial radioactivities. 
These are plots of J, the isotopic number (3), against Z, 
the atomic number for all of the elements, and of A, the 
mass number, against Z for the heavier elements. The 
isotopic number, J, is equal to A —2Z, or the number of 
neutrons less the number of protons. These are shown 
in Figures 1 and 2. 

Of the 605 isotopes of the 97 elements, 96 have been 
established with less than satisfactory certainty. The 
standing of the isotopes have been characterized by 
Seaborg according to the following letter code: 


= isotope certain (mass number and element cer- 

tain) 

isotope probable, element certain 

one of few isotopes, element certain 

element certain 

element probable 

insufficient evidence 

probably in error (e. g., impurity or inadequate 
half-life determination) 


In Figure 1 those classed as B, C, D, E, and F have 
been so indicated. None of those classed as G have 


im Bbeen included. Approximately 100 other artificially 


radioactive isotopes are known to exist. For these the 
half-life and type of radiation by which they decay, and, 


‘Min some cases, the energy of the ejected particles are 


known. Although nine-tenths of these are of classes D 


and E, the complexities of their formation from elements - 


with a large number of stable isotopes or from nuclear 
fission reactions have prevented the identification of 
their mass numbers. Thus element 61, illinitum, which 
is not represented in Figure 1, has six radioactive iso- 
topes of class EF and one of class F. All of these have 
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been prepared from neodymium, composed of seven 
stable isotopes. Incidentally the one with a half-life of 
approximately 200 days has also been prepared from 
praseodymium by the (a, 2) reaction and should there- 
fore be g:Il'*4. 

Many interesting facts can be read directly from 
Figure 1. From the definition of J = A — 22, it is 
obvious that the number of neutrons, A — Z, isI + Z, 
and the mass number is J + 2Z. The number of neu- 
trons equals or is greater than the number of protons, 
i. e.,I 2 0, for all stable isotopes except :H! and .He’.' 
All elements of even Z, except sBe (see footnote 4), have 
two or more stable isotopes. All elements of odd Z 
have one or two stable isotopes (potassium has three 
natural isotopes, but iK*° is radioactive). Beyond 
nitrogen, which has two stable isotopes of masses 14 
and 15, the two isotopes have odd mass numbers and 
therefore even numbers of neutrons, two apart. _The 
two natural isotopes of lutecium of masses 175 and 176 
do not constitute an exception since the latter is radio- 
active. This tendency toward even numbers of neu- 
trons is apparent also in elements of even Z. For these 
the most abundant stable isotopes have even numbers 
of neutrons. (Platinum, for which ;sPt! is the most 
abundant, is an exception.) 

The representation of the isotopes'in Figure 1 is a 
convenient basis for discussion of the generalizations 
concerning abundance of the elements by Harkins (3, 
4), of the region of stability, and of the type of activity 
by which radioactive isotopes regain stability.? 

It is obvious, for example, that isotopes with too high 
neutron-proton ratios, 7. e., too large values of J, reach 
stability by the conversion of a neutron to a proton in 
the nucleus and expulsion of a B~ particle. 


on! —> ,H! + _1€° 


This means a shift of one place to the right in Z and two 
places downward in I of Figure 1. Conversely, un- 
stable isotopes with too low neutron-proton ratios may 
reach stability by the conversion of a proton to a neu- 
tron in the nucleus and expulsion of the positron, or 6+ 
particle. 


1 Two of the generalizations stated by F. W. Aston, ‘‘Mass 
Spectra and Isotopes,” 2nd Ed., E. Arnold, London, 1941, pp. 
202, 204, require minor corrections. 

2 For several purposes the choice of A against Z, as in Figure 2, 
or of A — Z (the number of neutrons in the nucleus) against Z, 
as in H. S. Taytor anp H. A. Taytor, ‘Elementary Physical 
Chemistry,’’ 2nd ed., D. Van Nostrand Company, New York, 
1937, pp. 45, 52, might be preferable to the J against Z chart. 
However, for the known isotopes the range of values of A and 
A —Z is 0 to 242 and 0 to 147, respectively, whereas J varies 
from —2 to 53. 








1H! —> on! + 416° 


In the outwardly similar K-electron capture the elec- 
tron drawn into the nucleus reacts with a proton to 
form a neutron, 


~1€ + 1H} =~ on} 


Thus emission of a 8+ particle or a K-electron capture 
decreases Z by one unit and increases J by two units. 

With a straight-edge in place at this slope it is easy to 
see that s.Kr®, from a fission reaction, loses B~ particles 
to form 3Rb®, that this further disintegrates by B- 
particle emission to 3sSr®, and finally to sY® which is 
stable. Similarly 3Kr*® finally yields 3sSr*. Likewise, 
gsr” and ssKr*! lose 6+ particles and become s;Br” and 
gBr*!, respectively. The 8~ activity of Ge”, sSn!%, 
Te, s4Xe'87, .Xel%, gNd'5!, gNd', Nd, and 
eskir!”! of classes A, B, A, D, A, E, E, E, and C, respec- 
tively, shown in Figure 1, and the absence of 33;As”, 
s1Sb"5, sg1!?9, 5508187, 5508135, gl, ell", ell, and 
691m”! indicate the possibility of the future discovery 
of these isotopes or the identification of some of these 
with known activities for which no mass number is at 
present published.* The position of the missing iso- 
topes would suggest that all except two of the illinium 
isotopes are 8~ particle emitters and that perhaps illin- 
ium of masses 147 and 149 may turn out to be stable, 
or relatively the most stable.‘ 

All but a few of the known transmutation reactions 
are shown in the inset of Figure 1. The first transmu- 
tation reaction, of the (a, p) type, performed by Ruther- 
ford in 1919, though incompletely understood at the 
time, increases J and Z by one unit each. 

Inspection of the chart shows that with elements of 
low Z, for which the naturally produced a particles are 
effective projectiles, many of the elements produced 
are now known to be stable isotopes, although some 
radioactive isotopes, such as ;3Al”*, must have been pro- 
duced in the early experiments. The first transmu- 
tation by which it was recognized that radioactive iso- 
topes were formed was reported by Curie and Joliot in 
1934. In these the (a, n) reaction decreases I by one 
unit and increases Z by two units. Thus by consider- 
ing the net effects of the various transmutation reactions 
one may visualize how a given isotope might be pre- 
pared. In connection with this one must consider the 
types of reaction which have been found possible in the 
range of Z concerned. The mass change in the modern 





8 Since this paper was submitted for publication, the existence 
of three of these—namely, 33As”, 5s;Cs187, and »Il!4’/—have been 
announced by the Headquarters of the Manhattan Project in 
Science, 103, 697 (1946). 

4 The absence of ,Be® which one would normally expect from 
the 8—decay of ;Li® and the exception to the rule that all elements 
of even Z have two or more stable isotopes is a curious, but 
relatively well-understood phenomenon. 
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sense of equivalence of mass and energy must be favor- 
able, and the projectile and ejected particle must pene- 
trate barriers which become more effective as Z is in- 
creased. Competition between the various types of 
emission will favor one type. Thus, for example, 
(d,p), (d,n), (p,n), (n,y) (slow neutrons), and (a@,n) re- 
actions occur throughout the whole range of Z, whereas 
(a,p) and (d,«) reactions are rare for elements of high Z, 

In Figure 2 values of the atomic mass number, A, are 
plotted against Z of all the known isotopes of elements 
for which Z 2 80 (except five stable and one radio- 
active isotopes of mercury for which A < 202). Dis- 
integration processes are shown by solid lines, transmu- 
tation processes by dotted lines. The latter are net 
transmutation reactions involving the ejection of a 
particle or particles. Chemical symbols are shown in 
the circles for those isotopes which have been given 
chemical names associated with the several disintegra- 
tion series. The percentage natural abundance of the 
stable or relatively stable isotopes of elements 80, 81, 82, 
83, 90, and 92 are also given in the circles. In the case 
of isotopes for which branched disintegration occurs the 
half-life period is given in the circles, and the per- 
centage figures outside the circles refer to the portions 
disintegrating in the manner indicated. The half-life 
periods of the nonbranching radioactive isotopes are 
shown along the lines representing the decay. 

Recent investigations have brought to light the 
branched disintegration of four naturally radioactive 
isotopes, which had previously been considered simple, 
and have established the presence of eka-iodine and 
eka-cesium in the natural disintegration series. Thus 
the disintegration of s,Ac??” proceeds by the emission of 
a particles to the extent of 1 per cent and yields AcK, or 
eka-cesium, a 8~ particle emitter. The disintegrations 
of RaA, ThA, and AcA, in part by the loss of 6 part- 
icles, yield eka-iodine of masses 218, 216, and 215 (2), 
each of which is a-active. A fourth isotope of element 
85 has been prepared by the g3Bi (a,2n) gsEka-I*"' 
reaction. This isotope decays by a-particle emission 
and K-electron capture. 
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1H! —> on! + 4.16 


In the outwardly similar K-electron capture the elec- 
tron drawn into the nucleus reacts with a proton to 
form a neutron, 


_1€° Lh 1H! al on} 


Thus emission of a 6+ particle or a K-electron capture 
decreases Z by one unit and increases I by two units. 

With a straight-edge in place at this slope it is easy to 
see that sKr®, from a fission reaction, loses B~ particles 
to form 3,Rb®, that this further disintegrates by B- 
particle emission to 3sSr®, and finally to 3Y® which is 
stable. Similarly 3.Kr® finally yields 3Sr*. Likewise, 
gsKr” and 3sKr*! lose 6+ particles and become 3;Br” and 
gsBr®!, respectively. The B- activity of 32:Ge”, sSn', 
Tel, s4Xel87, Xe, gNd'5t, aNd, gNd47, and 
esktr’”! of classes A, B, A, D, A, E, E, E, and C, respec- 
tively, shown in Figure 1, and the absence of 3;As”, 
siSb™, 5129, 5505187, 40s, 9 T], oT], Il’, and 
691m"! indicate the possibility of the future discovery 
of these isotopes or the identification of some of these 
with known activities for which no mass number is at 
present published.* The position of the missing iso- 
topes would suggest that all except two of the illinium 
isotopes are B~ particle emitters and that perhaps illin- 
ium of masses 147 and 149 may turn out to be stable, 
or relatively the most stable.* 

All but a few of the known transmutation reactions 
are shown in the inset of Figure 1. The first transmu- 
tation reaction, of the (a, p) type, performed by Ruther- 
ford in 1919, though incompletely understood at the 
time, increases J and Z by one unit each. 

Inspection of the chart shows that with elements of 
low Z, for which the naturally produced a particles are 
effective projectiles, many of the elements produced 
are now known to be stable isotopes, although some 
radioactive isotopes, such as ;3;Al”*, must have been pro- 
duced in the early experiments. The first transmu- 
tation by which it was recognized that radioactive iso- 
topes were formed was reported by Curie and Joliot in 
1934. In these the (a, n) reaction decreases I by one 
unit and increases Z by two units. Thus by consider- 
ing the net effects of the various transmutation reactions 
one may visualize how a given isotope might be pre- 
pared. In connection with this one must consider the 
types of reaction which have been found possible in the 
range of Z concerned. The mass change in the modern 





Since this paper was submitted for publication, the existence 
of three of these—namely, ;;As”, 5sCs!87, and »Il!4’—have been 
announced by the Headquarters of the Manhattan Project in 
Science, 103, 697 (1946). 

4 The absence of ,Be® which one would normally expect from 
the 8 —decay of ;Li® and the exception to the rule that all elements 
of even Z have two or more stable isotopes is a curious, but 
relatively well-understood phenomenon. 
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sense of equivalence of mass and energy must be 
able, and the projectile and ejected particle must 
trate barriers which become more effective as Z 
creased. Competition between the various ty] 
emission will favor one type. Thus, for exe 
(d,p), (d,n), (p,n), (n,yv) (slow neutrons), and (a 
actions occur throughout the whole range of Z, w 
(a,p) and (d,c) reactions are rare for elements of bh 

In Figure 2 values of the atomic mass number, 
plotted against Z of all the known isotopes of ele 
for which Z 2 80 (except five stable and one 
active isotopes of mercury for which A < 202). 
integration processes are shown by solid lines, tra 
tation processes by dotted lines. The latter a 
transmutation reactions involving the ejection 
particle or particles. Chemical symbols are sh« 
the circles for those isotopes which have been 
chemical names associated with the several disir 
tion series. The percentage natural abundance 
stable or relatively stable isotopes of elements 80, 
83, 90, and 92 are also given in the circles. In t] 
of isotopes for which branched disintegration occ 
half-life period is given in the circles, and th 
centage figures outside the circles refer to the p 
disintegrating in the manner indicated. The bh 
periods of the nonbranching radioactive isotoy 
shown along the lines representing the decay. 

Recent investigations have brought to lig 
branched disintegration of four naturally radic 
isotopes, which had previously been considered ; 
and have established the presence of eka-iodi 
eka-cesium in the natural disintegration series. 
the disintegration of s,Ac??” proceeds by the emis 
a particles to the extent of 1 per cent and yields / 
eka-cesium, a 6~ particle emitter. The disinteg 
of RaA, ThA, and AcA, in part by the loss of 6 
icles, yield eka-iodine of masses 218, 216, and 2 
each of which is a-active. A fourth isotope of e 
85 has been prepared by the gsBi®™ (a,2n) asH 
reaction. This isotope decays by a-particle e1 
and K-electron capture. 
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T nis is a continuation of the “Invitation to Chemis- 
try’’ published in the June, 1946, issue of TH1s JouRNAL 
(page 271), which cautioned that the future of civiliza- 
ion will be bleak or bright, depending upon how we 
think, how well we earnestly try to live together—in the 
1eighborhood, in the nation, andinthe world. Science, 
teaches us how to think straight, how to avoid deceit, 
and how to benefit mankind most by honoring the 
authority of Truth. 

The following views of new horizons present a novel 
and frankly untested approach to the brighter side of 
science, emphasizing old human interests and new hu- 
man visions in structural chemistry. These views re- 
flect the current consciousness of entering a new era in 
power technology, in world politics, and in the educa- 
tional aim to develop a more compatible blend of science 
philosophy, economics, and peace-abiding religions. 
The urgency of this general task was emphasized by the 
numerous fearful predictions quoted in the preceding 
article. The ability of a nation to solve its comprehen- 
sive problems reduces to the ability of its individuals 
to grasp the menaces suddenly rising in nature’s minute 
entities of radioactive dusts, epidemic germs, and fis- 
sionable atoms. To change these menaces to benefits, 
the average man must get a quick, yet lasting, visual 
appreciation of these minute entities, and this is the 
immediate goal for the “one-hour introduction” to 
chemistry given below. 

The importance of strengthening and expanding our 
mental horizons was evident in the recent meeting of 
the Society for Promotion of Engineering Education, 
now named The American Society of Engineering Edu- 
cation (1). President Harry 8. Rogers recognized 
“the growing conviction that engineers should have a 
better understanding of human relations and the im- 
pact of technology on society.”” Educators must help 
“by associating themselves with historians, economists, 
and philosophers. ...’”’ 

Critics of the unconventional approaches given below 
must recognize that education itself is an experimental 
art or science which is entering a new era. Its incon- 
spicuous expansion since the turn of the century re- 
cently was emphasized by James Creese, President of 
Drexel Institute (2). . 


At the time of the Philadelphia Centennial there were not 
more than 70,000 students in all the high schools of the country. 


al 


NEW HORIZONS IN SCIENCE 


Introducing Dusts, Germs, 
Molecules, and Atoms 


WILLIAM J. WISWESSER 
Willson Products, Inc., Reading, Pennsylvania 


Today there are 7,000,000. I talked recently with a man who 
said that in his boyhood there was not a single public high school 
in his state. In 1892 there was just one public high school on 
the island of Manhattan. Even in 1910 not more than 10 per 
cent of the young people of high school age were in school; by 
1936 the proportion had risen to 36 per cent. 


In this connection, it is helpful to recall that one of 
the declared aims of the JouRNAL OF CHEMICAL Epuca- 
TION ‘‘is to make the theoretical and practical progress 
of chemistry intelligible to those of limited training and 
experience” (3). Finally, the new task for every Ameri- 
can chemist was suggested by E. B. Wilson, Jr., in re- 
viewing ‘One World or None”’ (4). 

Because chemists had a major share in bringing the bomb into 
being, chemists have a special responsibility for using their in- 
fluence and their understanding of the problem to educate the 
public and especially our politicians and statesmen of the neces- 
sity for intelligent action before it is too late. 


Chemists must help convince the world that America 
is not “‘tomorrow’s target” but ‘‘tomorrow’s hope.” 


OLD HUMAN INTERESTS 


In the small world around us there have been a thou- 
sand things to stir our curiosity since our earliest child- 
hood days. While the questioning spirit of those days 
may have been abandoned long ago, it was not because 
satisfying answers were found. From the nursery up, 
such questions as these are still profound: 


Why is salt so salty? Why is sugar sweet? 

Why are some things poison? Others good, to eat? 
Why does ice keep cold? Why is fire hot? 

Why is oil so oily, when other things are not? 

What makes glue so sticky? Why does jelly gel? 
What makes leather tough, and rubber stretch so well? 
Why are leaves all green? Why is snow pure white? 
Why does perfume smell? What is dynamite? 


Why...? After a moment’s consideration, it must be 
confessed that the sophisticated answers hardly begin to 
explain. The bud cells do not explain taste; chloro- 
phyll does not explain plant greenness; oxidation does 
not explain fire. In almost every walk of life, as the 
following quotations will show, such simple queries can 
be found. Pioneers of science made much of them, 
approaching the curiosities and mysteries much like 
little children, with wide open eyes, unprejudiced minds, 
and feeling unsatisfied with halfway explanations. 

The modern inquiring mind, as described by Profes- 
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sor C. C. Furnas in his ““Next Hundred Years’’ (4), 

wonders: 

What sends sap to the top of the tree? 

What causes cancer, or the common cold? 

What is a satisfactory anesthetic for childbirth? 

What are the fundamentals in the simple muscular contraction 
in walking around? 

... Almost every scrap of science is vitally involved in human 
existence, and fortunately, the more intelligent American is 
interested in these things. 


This same inquiring spirit in chemical education re- 

cently was emulated in a poetic editorial by Professor 

N. W. Rakestraw, concluding with this inspiration 

(which is fully appreciated only by reading the entire 

editorial) (6): 

And on and on, no stop in such a quest; the far horizon still 
eludes us—always will. 

But the wider and the longer is the path we tread down in the 
search, the richer all our life becomes. 

And still we are content to reach no final end. 

Something deep within us drives us on. 

Man would be less than man without it. 


In that same issue (7) a radio talk by John Kirkwood 
was reprinted, giving a wondering “‘View of the Molecu- 
lar World.” He recalled such everyday questions as: 


Why is an alloy steel strong? 

Why is glass brittle? 

Why can rubber be bent and stretched? 

Finally, how are the properties of the resulting substances related 
to the architecture of the molecules? 


The electron microscope, now reaching to 200,000 mag- 
nifications, has helped tremendously in bridging the gap 
between microscopic (X 1000) and molecular (X 1,000,- 
000) vision; and the builders of America’s first mag- 
netic focusing electron microscope—Professors Burton 
and Kohl—raised similar questions in their story of 
this marvellous new instrument (8): 


We have many natural phenomena to theorize about. 
What is heat? What is sound? What is light? What is gravi- 
tation? 


Does a person ever tire of the fascination of a fire? A 
log-pile of burning wood stimulates almost all of the 
senses, and the curiosity: What causes the smoke? 
the flickering flames? the soothing “throw” of ember 
heat? the appetizing odors? the crackling noises? 
or the charring and disappearance of the original bulk? 

In the garden the most casual observer is caught by 
the wonder of color. What is it, fundamentally? Do 
other animals see it as we do? How are colors made 
in the flower? Why are there no blue roses? Why do 
the blues fade so fast? Why are blue, pink, and violet 
usually associated separately from the red, orange, and 
yellows? In the fall the green leaves turn yellow, 
orange, red, then brown. So commonplace, it hardly 
causes prosaic comment. But what goes on? 

Coloring materials are of tremendous interest because 
modern society needs dyes for the textiles, pigments for 
protective paints, and inks for writing and printing— 
not to mention cosmetics for enhancing the romancing. 
What makes a good dyestuff—like the anciently pur- 
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sued indigo, madder, and Tyrian purple? How do they 
become fixed to cloth? 

Food is still a major interest throughout life—an ur- 
gent interest throughout the world. What guides the 
important magic from planted seed to harvested plant? 
How can soil fertility be sustained, or crop yield and 
quality improved? What causes growth? What 
stimulates, suppresses, or eventually limits it, in any 
living thing? How do the hardy plant seeds and mi- 
croscopic spores survive long periods of suspended ani- 
mation? 

Life itself, that hardy yet delicate, tremendously 
complex balance of chemical changes, is a continual 
source of very human interest from the moment a three- 
year-old realizes that babies must come from some- 
where. Need it be mentioned that man cannot yet 
control sex determination, much less sex itself? Every 
person living today is descended from an unbroken 
million-year-old line of ancestors who had mated at 
least once in their life. It is fairly certain that most of 
these ancients hardly knew why they mated, nor sensed 
the consequences. They were simply obeying a be- 
havior pattern (like mother love) dictated by certain 
amazing chemicals in the blood stream. These bio- 
chemical complexities evolved from processes that 
took millions of years to perfect—is it any wonder that 
we are just beginning to untangle the simplest of these 
“nursery” questions! 

What are these powerful hormone chemicals, and 
how do they work? How do such “mere chemicals” 
determine whether an almightly human be clever or 
feeble, strong or weak, great or small, agreeable or dis- 
agreeable, domineering or condescending, masculine or 
feminine? Human behavior, judging by the hormone 
discoveries of the past few decades, is predominantly 
guided and controlled and balanced by these daily 
traces that pour into the blood stream from the duct- 
Jess or internally secreting glands. 

How do narcotic drugs, those extremely potent plant 
products, produce such highly specific and mentally 
irresistible actions on the human body? Why does an 
excess of alcohol bring on a reeling drunkenness that 
makes man worse than beast in his manners? 

Why must we eat in order to live? Why do we need 
a particular balance of fats and starches, a minimum re- 
quirement of proteins, and scarcely detectable traces 
of minerals and vitamins? How do vitamins work? 
How do enzymes digest and liquefy coarse lumps of 
food? Why is there an almost universal appeal in 
subtle blends of flavors, spices, sweets, and bitters? 
Why do tastes differ at all? How are odors detected 
by nerves? 

Atomic energy, that confusing and misleading catch- 
word loosely referring to the large scale transformation 
of matter into energy, brought a burst of new questions: 
What are atoms? How small are they? How inde- 
structible? Whatdo they look like? (Surely not those 
dynamically asinine ellipses?!) What is this heat 
flash? Radiant energy? Radar? How can particles 
of matter—at rest and occupying space—in any way 
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change to waves of energy that do not occupy space and 
race away at a thousand-million feet per second? What 
are giant molecules, virus bodies, bacteriophages, or 
hereditary genes? What do all these things look like? 
Do we know for sure, or are we dreaming it up for the 
Sunday papers? 

In the universe around us exist certain real entities— 
particularly matter, energy, and their intermingling 
action. These entities have always existed, and would 
continue to exist, whether we knew of them or not. It 
is the task of basic science to learn all that it is possible 
to learn about these realities—not merely for idle en- 
tertainment or for curiosity, but because as Roger 
Bacon predicted in the 13th century, knowledge is 
power!! Our lives and welfare are vastly improved by 
our proper, honest understanding of these realities. 
Just beyond understanding, we can begin to harness 
these great actions and reduce our living labors; we can 
protect our societies from the catastrophies of flood, 
famine, pestilence, or political disease which would furi- 
ously and mercilessly destroy us, one and all. : 

When the science trail begins to turn from the mild 
descriptions to more potent tables, graphs, and for- 
mulas, many faint hearts fall out. Most people need a 
special invitation to the terse literature of science, for 
they doubt whether the written page is sufficiently ver- 
satile to be very inviting in its treatment of these in- 
terests. 

It all depends upon the point of view: 

The little written word, man’s marvelous invention 
for communicating his ideas, might be regarded as a 
shy old friend—in fact, one of the oldest friends of 
mankind. He exists mainly to please you, to help you 
grow in mental stature, knowledge, and power. He 
will guide, but not push you; should you tire of some 
details, he will not be offended if you skip and hurry on. 
If some difficulty halts you, he never hesitates to ex- 
plain over and over until you are satisfied. And while 
he surely is unable to answer all your questions, he 
never shouts at you in a loud and impressive manner 
to conceal thereby his ignorance. He will not laugh 
at yours. He asks for no fees, not even your undivided 
attention. He knows his place, and if you tire of him 
and cast him aside, he stays aside with infinite patience 
until you want to see him again. 

This is not a new point of view about the written 
word. It is a 14th century inspiration, a devotional 
tribute to books, very appropriately selected by B. A. 
Soule in his “Library Guide for the Chemist” (9): 


These are the masters who instruct us, without rods and ferrules, 
without hard work and anger, without clothes or money. 

If you approach them they are not asleep; 

If investigating you interrogate them, they conceal nothing; 

If you mistake them, they never grumble; 

If you are ignorant, they cannot laugh at you. 

The library of wisdom, therefore, is more precious than all riches, 
and nothing that can be wished for is worthy to be compared 
with it. 

& 





1The year 1945 brought a correction to this old paragraph, 
in the subtly introduced banner phrase of the A.C.S. publications, 
“Science Is Power.” 
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Whosoever, therefore, acknowledges himself to be a zealous 
follower of truth, of happiness, of wisdom, of science, or even 
of faith, must of necessity make himself a lover of books. 


—Richard de Bury, 1344 (published 1474) 


Introduced in this way, chemistry easily becomes as 
human as history—and far more personal. 


NEW HUMAN VISIONS 


Vision implies higher or deeper understanding. Its 
relation to seeing is obvious because about 90 per cent 
of the impressions that stimulate the brain are received 
through the eye nerves. The vertebrate eye, in both 
range and sensitivity, still greatly exceeds any man- 
made instrument. Its compactness, hardiness, and 
usefulness are truly remarkable. Consider, for example 
the winged eagle’s ability to recognize small prey from 
a distance of a mile or more. Burton and Kohl began 
their informative story of the electron microscope with 
a chapter on vision and this immediate tribute (10): 


The human eye is a wonderful optical instrument, more won- 
derful than any that man has ever devised. It unfolds to our 
mind the world that surrounds us and is the link which enables 
us to take a conscious part in it. 


Man is descended from a line of animals which had 
developed special sense organs of sight at least 400 mil- 
lion years ago (e. g., the compound eyes of the Cambrian 
Trilobita). Yet for more than 1000 years learned men 


believed that the mechanism of seeing involved a“‘throw- 
ing-out” of filament receptors by the eye onto the ob- 


jects which it perceived. A similar naive view that a 
filamentary “beam” connects light source and receiver 
persists to this day. Such views had to be questioned 
300 years ago when Leeuwenhoek and Galileo invented 
two new instruments which extended man’s vision to 
the microscopic and astronomic worlds. These inven- 
tions so greatly intensified the powers of human vision 
that they founded new fields of science; but still the 
fallible, questionable human eye was the ultimate re- 
ceiver. 

More than 100 years ago skeptical men had no way of 
truly knowing whether any two people saw exactly the 
same things. Frequent disturbances, such as dreams, 
visions in disease, hallucinations, and color-blindness, 
collectively tended to obscure any certainties of obser- 
vations. Then in 1839 Daguerre and Nience perfected 
silver-plate photography.’ 

The discovery of photography was a profound step 
in man’s learning. It led to further inquiries and im- 
portant discoveries on the nature of light, visible and 
invisible, and eventually served to consolidate man’s 
knowledge of the universe—not only beyond the clouds, 
but within the molecules. The photographic method 
gave an absolute graphing of light, a permanant record- 
ing of many visions—in ultraviolet, X-ray, and radio- 
active rays. With its modern extensions into color, 
television, and electron microscopy, this new tool of 
science has revolutionized methods in astronomy, spec- 





2 For a fuller appreciation of photography, see W. C. Oelke’s 
article in Tuts JOURNAL, 23, 593 (1946). 
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troscopy, and military science, and incidentally has 
given the average man a precious new amusement. 

The photographic method first aided atomic structure 
studies by recording the thousands of radiation fre- 
quencies emitted by activated atoms and molecules. 
Again it aided in recording the various kinds of scatter- 
ing patterns produced when X-rays pass through solids. 
By analyzing these patterns, it was possible to deter- 
mine with great certainty the actual space arrangements 
of atoms in many crystals. A similar structure analysis 
of gaseous or volatile substances was made possible by 
their diffraction of an electron beam, and again the 
photographic method served for convenient recording. 
These are just three examples of many methods of in- 
quiry into the nature of things—methods that were 
completely free from the psychological uncertainities of 
ordinary human vision. 

[Only quite recently have any capable scientific 
thinkers re-examined the question of how the sense of 
human vision may reach out beyond the physical to 
nonphysical or extra-physical worlds. One of the 
world’s outstanding astronomers, Gustaf Stromberg, 
popularly summarized an impressive treatment of this 
question in his “Soul of the Universe” (11). The pro- 
found unifications that were developed in this book and 
in the more recent ‘Autonomous Field Theory” (12) 
are bound to stir new views and broaden man’s psycho- 
physical horizons. ] 

The convergent results of all the recent physico- 
chemical structure inquiries are summarized by Pro- 
fessor Linus Pauling in his Willard Gibbs Medal accep- 
tance address (13): 



























Only a quarter of a century ago, there was not known the 
distance between the atoms in the molecules of any gaseous 
substance, nor, indeed, of any organic substance whatever... . 
It was not until 1929, when the technique of electron diffraction 
by gas molecules was developed by Mark and Wierl, that it 
became possible to determine the interatomic distances in a 
large number of organic molecules. ; 










Today’s commonplace descriptions of the distances, 
angles, and even vibration modes between the atoms 
in molecules cannot be appreciated without recognizing 
the vast range of the dimensional “forest’’ now open for 
exploration. Pauling emphasized this “size apprecia- 
tion” very effectively in his Westinghouse Forum ad- 
dress (14): 


Forty years ago the dark forest of the dimensional unknown 
stretched from this (1 micron) limit of the visible microscope 
back indefinitely into the region of smaller dimensions. In 
recent years the region from 10-7 down to 10-!? em., containing 
atoms and simple molecules, has been thoroughly explored by 
an expedition outfitted with X-rays and similar tools, and the 
physicists are strongly pushing back into the region of the struc- 
ture of atomic nuclei, below 10-!2 cm. 

Another detailed exploration is being carried out with the 
electron microscope. This has pushed the nearer boundary of 
the unknown back from 10-4 to 10-8 em... . 

The answers to many of the basic problems of biology . . . are 
hiding in the remaining unknown region of the dimensional 
forest, mostly in the strip between 10 and 100 A.U., 10-7 and 
10-* cm.; and it is only by penetrating into this region that we 
can track them down. ... Wedo not know, except very roughly, 
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even the shapes of such important molecules as serum proteins, 
enzymes, genes, the substances which make up protoplasm. . .. 
I believe that the next 20 years will be as great years for biology 
and medicine as the past 20 have been for physics and chemistry, 


How can these old human interests and new human 
visions be utilized in an introduction to chemistry? 
Usually when a man takes a new task or study, or joins 
a new institution, or enters a new field or strange land, 
he is given a brief orientation of some kind—an out- 
line, an “introduction” tour, a sightseeing review, a 
chart or map—in order to grasp an appreciation of the 
horizons before submerging into his immediate details, 
In the same spirit it might seem profitable to introduce 
chemical science with a quick literal sightseeing tour 
from intimately familiar visible things down a dimen- 
sional ladder to pictures of interesting intermediate 
particles, thence to molecules and atoms. 


SEEING MOLECULES 


The extraordinary minuteness of molecules cannot 
be described by a shower of verbal superlatives, such as 
“exceedingly tiny, infinitesimal, indescribable, incon- 
ceivable and unbelievable!’ The great Lord Kelvin, 
famous English scientist, often cautioned his listeners 
with this reminder: “‘When you can measure what you 
are speaking about, .and express it in numbers, you 
know something about it.” 

New and difficult concepts usually are learned in a 
stepwise manner, seeing new things in terms of those 
already understood. It seems most logical, then, to 
approach a visualization of molecules through a step- 
wise approach of size reductions,’ beginning with 
familiar and symbolic unit-entities, such as common 
garden seeds, garden-variety microbes, and submicrobes. 

Seeds in particular are important—many will re- 
member how preciously the food seeds were regarded 
that were sent to G. I. outposts far from home. To an 
ever-hungry world, the introductory remark by H. 
Chambers in the Encyclopaedia Britannica (15) is a 
sober reminder: 


Seeds are the keystone to the agricultural and horticultural 
industry, an industry which is vital to the life and prosperity of 
every country. 


Dusts have gained a new prominence since the lethal 
effects of radioactive dust from nuclear fission have 
been emphasized, but dusts always have been important 
in industry because of their contaminating, explosive, 
or health hazards. It is almost certain that the average 
person has a very inadequate appreciation of the 
minuteness of biologically effective dust (or mist) 
particles, and this particle size exhibit will do much to 
clarify old notions. 

Widespread DDT spraying also draws attention to 
the importance of fine particle size for effective dispersal. 
For example, a new Public Health Report on “‘Airplane 
Application of DDT Aerosols” (16) gives the following 

3 Tife magazine used this method in a widely popularized 


article on science (frontispiece illustrations in Reference 8) but 
the geometric steps were not evenly spaced. 
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data on “the approximate number of droplets formed 
from 0.1 lb. of DDT per acre as a 20 per cent solution in 
Velsicol NR-70.” 
PARTICLE DIAMETER NO. OF PARTICLES FORMED 
(MICRONS) PER SQ. CM. 

5 72,000 

50 72 
These figures emphasize the mathematically obvious 
conclusion that a tenfold size decrease could cause a 
thousandfold increase in the effective dispersal of the 
spray. 

Germs always have been important—yet difficult to 
appreciate because of their minuteness—and the choice 
selections recently described (17) for bacterial and virus 
warfare are bound to command interest. In the inter- 
ests of security alone, the widespread publication of 
microscopic pictures of the great epidemic menaces 
would seem to be justified. 

Molecules can be visualized through this “size- 
ladder” medium, in an entertaining and impressing 
manner, with the ridiculously simple “apparatus” of a 
6” X 8” X 8” box of 24 medicine bottles, supplemented 
by half a dozen poster charts or slides. 

The 3-ounce bottles are partly filled with various 
familiar things, such as seeds, pollen, starches, imita- 
tion red blood cells and germs, suspensions of lacquer 
pigment, India ink, gelatin, mucilage, and water—all 
selected to make a uniform geometric progression in 
size, and filled to contain a calculated fixed number. 
The bottles are numbered from 1 to 24, and the listeners 
are permitted a bit of wild “bean-jar’”’ guessing before 
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being told that this number reveals the number of zeros 
in the figure enumerating the contents. 

Table 1 gives the pertinent data on 24 random items 
suggested for their probable interest and convenience. 
If more careful thought is given to the substances (e. g., 
seeds selected for their suggestion of the molecular no- 
tion of a functionally ultimate unit), an enthusiastic 
group can develop a series of size-fixing objects they 
will never forget—much less doubt the seed-like realism 
of molecules. 

The supplementing diagrams obviously serve to give 
uniformly gaged magnifications of the bottled samples 
and auxiliary objects of guaranteed human interest, 
but particularly to give realistic pictures of molecules 
and atoms. 

The power of the illustrated magnifications can be 
appreciated more fully by paralleling with correspond- 
ing reductions of large scale objects. For example, a 
20-fold reduction would shrink human stature to a 3- 
inch doll size. A 2000-fold reduction would bring the 
Empire State Building down to a 7-inch model. 

The 200,000-fold magnifications would be inversely 
comparable with a rocket-nose view of the earth from 
its 40-mile level (taking one foot distance for close 
vision). Such a 200,000:1 scale reduction’would make 
the entire metropolitan New York area fit in one square 
foot, from the lower tip of Staten Island northeast to 
the Connecticut state line. Sizes would appear exactly 
as shown on the “Esso” road maps of this area (3 miles 


per inch), with 42nd Street only '1/15 inches long, shore 
to shore. 





TABLE 1 
A Particle Size Perspective Scale 





Other 


Biological 
Examples 


Examples 


Common Logarithm of 
Particle Weight 


Particle in grams 
Size “Stations” +2 








Number in 
Medicine 
Bottle 





Eggs, walnuts Golf balls 
Brazil nuts, acorns 
Corn, beans Harn 

Wheat, lentils Fine gravel 
Rape, flaxseed Rain 

White clover Coarse sand 
Red top, portulaca DRIzZLE 
Lobelia 
Large diatoms Mist 
Potato starch grains Fine sand 
Average pollen grains Heavy Foe 
Cornstarch, amoeba Road dust 
Red blood cells Lieut Foa 


i." 
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Seeds 


Grains 


Coins (nickel) 


_Average sand 


4 cm. 

2 cm. 

1 cm. 
0.5 cm. 
0.2 cm. 

0.1 cm. 
450 microns 
210 microns 
100 microns 
45 microns 
21 microns 
10 microns 
5 microns 
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Atoms 


Molecules Germs 





Bacilli 
Chromosomes 
Micrococci 

Cowpox (vaccinia) 
Mosaic virus 
Bacteriophages, genes 
Antibodies, enzymes 
Starch molecules 
Gelatin molecules 
Mucilage molecules 
Glucose molecules 
Water molecules 
Hydrogen molecules 





Silt 

Harmful dust 
Clay 

Metal fumes 
Paint pigments 
Blue smoke 
India ink black 
Collodion 

Egg albumen 
Tannins 
Kerosene 
Ammonia 
Helium 





2 microns 

1 microns 

0.5 microns 

0.2 microns 

0.1 microns 
450 Angstroms 
210 Angstroms 
100 Angstroms 
45 Angstroms 
21 Angstroms 
10 Angstroms 
4 Angstroms 
2 Angstroms 
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The 20,000,000-fold magnification, which at last 
brings distinct atoms into view, compares inversely 
with a surface seen 4000 miles away. From this near- 
vanishing point, the body of the moon, for example, 
would look as large as a 200-foot perisphere viewed 
from across the extremes of a football field (7. e., 145 
yards). It would have an angular diameter of about 
15 degrees, and since this viewing distance is about 50 
times closer than the earth, a 50-power telescope would 
be required to produce this view from the earth. 

Summarizing these comprehensive size ranges, one 
might remember that it is about as easy to see bacteria, 
viruses, and atoms on the surface of a bowling ball as 
it is to see—from near the moon—destroyers, men, and 
marbles on this earth. 

For an emphatic conclusion, quantitative compari- 
sons may be added, proving for example that there are 

(1) as many atoms in a red blood cell as blood cells 
in the human body (10'*), 

(2) more molecules in a quart of water (10) than 
there are quarts in all the oceans (1077), 

(3) far more molecules of air in an empty milk bottle 
(102?) than stars in the Milky Way (10”), 

(4) more gas molecules hitting each mm. square of 
graph paper than there are mm. squares in a flagpole 
stack of tissue-thin regular size graph sheets, 

(5) 30 million molecules per cc. in the best possible 
laboratory vacuum, 10~!? atm., even after the traces 
are chased by the chemical “getter.” Interstellar 


space is estimated to be a million times rarer, or 1 mol./- 


ce., 10—-° atm. (the molecule is most likely hydrogen, 
fuel for the stellar furnaces), and 

(6) more air molecules in a single cubic millimeter of 
air than can be represented by mm. squares in a stack 
of graph paper reaching -halfway around the world: 
2.7 X 10'* mols. (1 atm., 0°C.), 2.0 X 10* mm. squares 
(10° per running mm.). 

These suggestions of particle size pictures and samples 
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help convey an instantly effective introductory appre- 
ciation of atoms and molecules. As long as “‘seeing is 
believing,’’ visual aids such as these help most in fixing 
a reasonably convincing awareness of these basic en- 
tities which are the exclusive concern of chemistry. 
If the new student or troubled layman is visually con- 
vinced that atoms and molecules are not the fairyland 
concepts of Boltzmann and Mach’s generation, and if 
he is given a fairly good picture of these ultimates as we 
now know them, he will be far less ‘“‘baffled to inaction” 
by the fearful or wonderful potentialities of synthetic 
chemistry and nuclear physics. 
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Here are some items of interest from various sources: 

Pure Oil News (October): “Manufacture of synthe- 
tic resins’ —making solid citizens out of hydrocarbon 
hoodlums. 


Food Materials and Equipment (September): ‘‘Pea- 
nut crop saved by Arctic cryolite.” 


Therapeutic Notes (October): ‘Histamine concept of 
allergy.”” There is evidence that many of the “allergies” 
are the result of the liberation of histamine. One type 
of treatment is the use of substances, like benadryl, 
which tend to counteract the effects of histamine. 


The allergic chain reaction, in simplified form, may be described 
as follows: When an antigen to which an allergic patient is 
sensitized enters the system, specific antibodies are formed. 
Fixed antibodies localize in the shock organs of the patient, and 


upon renewed exposure to the sensitizing antigen, an antigen- 
antibody reaction occurs in the shock organ leading to release of 
histamine or a histamine-like substance. This H-substance then 
produces the symptomatic manifestations of the allergic reaction. 


Ethyl News (November): ‘Ice cream sodas from the 
sea”—production of a valuable colloidal binder from 
sea weed. 

Pittsburgh Plate Products (September-October) : ‘“‘Ele- 
ments of glass.”’ 

Dow Diamond (September): ‘Salicylic acid.”’ 

Crown (November): ‘“The chemist’s page’’—various 
items on glass. 

Steelways (September): ‘“F. O. B. Nigeria’’—on 
columbium; ‘Tracking down the metal killers’”—on 
corrosion; ‘‘Animated steel wire’’—sound recording on 
wire. 





CHEMICAL RUSSIAN, SELF-TAUGHT 


IV. Russian Organic 


Chemical Nomenclature! 


JAMES W. PERRY 
Massachusetts Institute of Technology, 


Cambridge, Massachusetts 


In naming organic compounds, the Russians make very extensive use of terms hav- 


ing English cognates. 


As a consequence, English-speaking chemists need do little more 


than learn the Russian alphabet in order to understand Russian organic chemical no- 


menclature. 


SOME FUDAMENTAL PRINCIPLES 


Tue names which we apply to organic compounds 
might be classified as follows. 

1. Simple nouns, e. g., methane, glucose, glycine, 
quinoline, 8-naphthol, methanol. 

2. Complex nouns, e. g., 4-methyl-2-nitrophenol, 
phenylacetylene, diazobenzene, p-nitrophenol. 

3. Word combinations, which may consist of simple 
nouns, é. g., benzoic acid, diethyl sulfite, cacody] oxide, 
amyl alcohol, wood alcohol, or which may involve com- 
plex nouns, e. g., o-nitrobenzoic acid, tetramethylam- 
monium chloride. 

This classification serves as a convenient basis for 
discussing certain fundamental features of Russian 
organic nomenclature. 

Most? of the simple nouns used by the Russians in 
naming organic compounds can be recognized quite 
easily once the Russian alphabet has been learned. 

Complex nouns used by the Russians as names of 
organic compounds have two essential features—(1) 
their component parts, viz., names of radicals, groups, 
etc., and (2) methods used in fitting the components 
together to form complex nouns. Fortunately, the 
Russian names for most groups, radicals, etc., are cog- 
nates of the corresponding English terms and conse- 
quently involve no difficulty other than that inherent 
in the Russian alphabet. In forming complex nouns 
from their components, the Russians proceed along 
well-known paths. Thus, for example, in naming the 
more complicated aliphatic compounds, various pro- 
visions of the Geneva nomenclature may be observed. 
The familiar ortho, meta, and para designations are 
used in naming disubstituted benzene derivatives, 
while Greek letters are often used with derivatives of 
naphthalene and also of quinoline and similar hetero- 





1 Presented before the Division of Chemical Education at the 
109th meeting of the American Chemical Society in Atlantic 
City, April 9, 1946. 

2 Occasionally, a simple Russian root is used as the basis for 
deriving a name for a compound, eé. g., KueTuaTKa, cellulose. 
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cyclic compounds. Russian chemists sometimes num- 
ber ring positions, especially in heterocyclic compounds, 
in such a way as to require considerable care to avoid 
misinterpretation. Really serious difficulty rarely 
arises, however, as Russian authors generally make 
liberal use of structural formulas. 

When the Russian name of a compound consists of a 
combination of two or more words, it is necessary to 
take into consideration the Russian use of various suf- 
fixes and grammatical endings to indicate relationship 
between individual words. For example, the combina- 
tion of an adjective and a noun is used in naming many 
organic compounds. Thus the nominative singular 
of the Russian name for lactic acid is Mmosounaa 
KucuoTa. Here the feminine noun kKucoTa ends 
with -‘‘a” indicating the nominative singular case. 
The ending -aa is used to bring the adjective (momounas) 
into agreement with Kucnota as to gender, number, 
and case. The adjective may be considered to be 
derived from the neuter noun, mozoKo (milk), by (1) 
changing its stem, Mom0K-, to Moou-, then (2) adding 
-H- as is often done to form the stem of an adjective, 
which, is in this case is Mosoun-, and finally (3) adding 
the feminine, nominative, singular case ending, -as. 

Similarly, amusossrit cnuprt is the nominative singu- 
lar case of a Russian term meaning amyl alcohol. 
Here amusiosirii is an adjective which modifies the 
masculine noun, cuupt (alcohol). The adjective, 
aMHJIOBEI, is derived from amun (amyl) by first add- 
ing the suffix, -on-,* and then the proper case ending, 
-bili, to bring the adjective into agreement with the 
noun, cHMpT. 

The Russian term, ropunuHoe* maczo (mustard 
oil), illustrates a similar combination of adjective and 
noun in which a noun of neuter gender is involved. 

The Russian names of organic compounds are in- 





3 This suffix is often used in deriving adjectives, especially 
possessive adjectives, from nouns. 
4 Derived from ropuuna, mustard. 
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flected in the usual way by means of endings as is il- 
lustrated by the following examples. The inflectional 
endings have grammatical significance only and should 
not be confused with suffixes sometimes used to indi- 
cate the presence of various groups, e. g., -oH (-one), 
often used to indicate the presence of a carbonyl group. 


SINGULAR 
Lactic acid 
MOJIOUHAA KuCIOTA 
MOJIOUHOM KACJIOTEI 
MOJIOUHONM KuCIIOTe 
MOJIOUHY1O KHCIIOTY 
MOJIOUHOK KuCIOTON 
(MOJIOUHOIO KHCJIOTOIO) 
MOJIOUHONM KuCIOTe 


Amyl alcohol 
AMMJIOBLIM CIMpT 
AMMJIOBOTO coupTa 
AMMJIOBOMY CHOMpPTy 
AMHJIOBEIM CIMpT 
@MHJIOBLIM CIIMPTOM 


Nom. 
(fen. 
Dative 
Acc. 
Instr. 


AMHMJIOBOM cliupTe 
PLURAL 


Prep. 


Lactic acids 

MOJIOUHEIC KHCJIOTEI 
MOJIOUHEIX KUCJIOT 
MOJIOUHBIM KHCJIOTaAM 
MOJIOUHEIe KUCIOTEI 
MOJIOUHBIMM KUCJIOTAMA 
MOJIOUHEIX KUCIIOTAX 


Amyl alcohols 


@aMHMJIOBLIC CIIMPThI 
AMMJIOBEIX CIIMPTOB 
@aMHJIOBLIM CIIMpPTaM 
AMMJIOBLIC CIIMPTBhI 
@AMHMJIOBLIMH CIIMpTaMu 
@aMHJIOBbIX CIIMpPTAax 


Nom. 
(Gen. 
Dative 
Acé. 
Instr. 
Prep. 


Neuter nouns and their modifying adjectives as, for 
example, ropumuHoe macuo, are declined in much the 
same way aS @MHJIOBBIM CUMpT. 

Sometimes the Russians derive a name for a com- 
pound by using a word combination involving two 
nouns, one of which is in the genitive case, to indicate 
a relationship of dependence with respect to thé other 
noun, which may be termed the key noun of the com- 
bination. The usual rules of agreement between nouns 
and adjectives apply, of course, in case either or both 
nouns are modified by an adjective. Thus, for ex- 


English 
transliteration 


a 
b 


Russian Alphabet 


Unitalicized Italicized 


ESRSKOCSCRPTOUCRAS 
a0 < 


SBIR 
MOSS DURSORSR ASSOLE Ide 


POTRU RMA ESR KESCHOTHOMERH AME OP OHHW AD 
MSCROR TRE CRKOSHOUROMZER SSO mH Wop 
BSS RTS TAI OBB mre @ 
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ample, Russian authors might apply the name, 
HAaTPHeBaA COJIb MOJIOUHOU KuCIOTH, to the sodium 
salt of lactic acid. As given here, the key noun, comb 
(salt), is in the nominative singular case as is also its 
adjective modifier, narpHesas, while the adjective, 
Moo4uHO, and the noun, KucnoTs (acid), are both in 
the genitive case. The use of such word combinations 
in phrases and sentences involves an important point 
of grammar which might be summarized by saying 
that, in forming phrases and sentences, the case of the 
key noun and its modifiers changes in accordance 
with various grammar rules governing formation of 
phrases and sentences, while the dependent noun and 
its modifiers always remain in the genitive case to 
indicate the relationship of dependence to the key 
noun. 

Since the names of organic compounds are frequently 
italicized in Russian chemical papers, the Russian 
alphabet is given both in italicized and unitalicized 
form for reference purposes. 

The following examples illustrate the use of italicized 
Russian letters. in spelling out the names of organic 
compounds already mentioned in this paper. 


AMMJIOBLI cuupT | 
amusosoiii cnupm f 
MOIO"HaAA KucOTA | 
mMosoUHan Kucioma f{ 
HaTPHeBaAl COJIb MOJIOUHOM KMCJIIOTEI | 
HAMPUesAA COM MOOUHOU  KuUCLOmMeL | 
sodium salt of lactic acid 


amy] alcohol 


lactic acid 


RUSSIAN NOMENCLATURE OF VARIOUS 
TYPES OF COMPOUNDS 

Introduction: The remainder of this paper is devoted 
to consideration of terminology used by Russian chem- 
ists to designate various individual organic compounds. 
In order to promote understanding of Russian methods 
of naming compounds, preference is given to literal 
translation, supplemented, where necessary, by listing 
either the formula or a more easily recognized name of 
the compound in question. As will be seen, the names 
used by the Russians for the great majority of com- 
pounds are easily recognized cognates of names used 
by English-speaking chemists; however, a few Rus- 
sian names of organic compounds are derived from 
Russian roots. Furthermore, certain casés of diver- 
gence between Russian and English nomenclature will 
also be encountered. A striking example of rather 
wide divergence is furnished by the Russian nomencla- 
ture for ethers and esters. In general, however, an 
English-speaking chemist who has mastered the Rus- 
sian alphabet encounters only a few scattered difficulties 
in understanding the Russian organic nomenclature 
which is reviewed below under the following generic 
headings. 





5 The Russians sometimes use the Latin letter ‘‘p-?’ and 


sometimes their corresponding italicized letter — namely, 
‘‘n-"*—to designate the para isomer of various benzene deriva- 
tives. When ‘‘n-”* is so used, care must be taken to avoid con- 
fusing it with other letters of the Russian or the Latin alphabet. 





Hydrocarbons 
Halogen derivatives of hydrocarbons 
Alcohols 
Phenols and aromatic alcohols 
Aldehydes and ketones® 
Carboxylic acids of the aliphatic series 
Carboxylic acids of the aromatic series 
Anhydrides and acid halides of acids 
Ethers and esters 
Nitrogen-containing compounds 
Sulfur-containing compounds 
Salts and alcoholates 
Compounds containing boron, phosphorous, arsenic, sili- 
con, selenium, or tellurium 
Metallo-organic compounds 
Heterocyclic compounds 
Miscellaneous substances 
Sugars and products of their oxidation and reduction 
Ikaloids 
Essential oils 
Fatty oils 
High molecular carbohydrates 
Terpenes 
Proteins 
Enzymes 
Dyes 
Resins, rubbers, and rubber-like polymers 
Organic peroxides 


After discussing the names of various compounds as 
indicated, a final section of this paper is devoted to 
pointing out that caution is sometimes necessary when 
interpreting Russian numbering of ring positions in 
cyclic compounds. 

(A) Hydrocarbons (Yraesogopoyst): Saturated, ali- 
phatic hydrocarbons are referred to in Russian chemical 
literature by names which are recognized very easily 
aside from minor difficulties caused by the Russian 
alphabet. This point is emphasized below by trans- 
literation of the Russian terminology using the Chemical 
Abstracts system of letter equivalents. Note in this 
connection that English “th” is usually rendered by 


SATURATED ALIPHATIC HyDROCARBONS 


(ITpedeavnoie anugiamureckue yeseeodopodrt) 


Transliteration of 
Russian 


metan 

etan 

propan 
butan 
pentan 
geksan 
geptan 
oktan 

nonan 

dekan 
undekan 
dodekan 
tridekan 
tetradekan 
pentadekan 
geksadekan 
geptadekan 
oktadekan 
nonadekan 
eikozan 
geneikozan 
dokozan 
triakontan 
gentriakontan 
dotriakontan 
geksakontan 


English translation 


methane 
ethane 
propane 
butane 
pentane 
hexane 
heptane 
octane 
nonane 
decane 
undecane 
dodecane 
tridecane 
tetradecane 
pentadecane 
hexadecane 
heptadecane 
octadecane 
nonadecane 
eicosane 
heneicosane 
docosane 
tricontane 
hentricontane 
dotricontane 
hexacontane 


Russian 


MeTaH 
9TaH 

npomaH 
6yTaH 
neHTaH 
rekcaH 
reliTaH 

OKTAaH 

HOHAaH 

qwekaH 
yuylekaH 
jyoylekaH 
TpuyekaH 
TeTpaylekaH 
nmeHTaylekan 
rekcajylekaH 
renTajyjekaH 
oKTajleKkaH 
HOHAajIeKaH 
oliKo3aH 
reneliko3aH 
JIOKO3aH 
TPHAKOHTAH 
reHTpuaAKOHTAH 
JJOTPHAKOHTAH 
rekCakOHTaH 


6 Including such derivatives as addition products with bisulfite, 
HCN, ete. 
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Russian “tT” and English “h’” (when not part of a 
consonantal diphthong, e. g., “ch”) by “rr.” For less 
common deviations from close phonetic similarity 
see an earlier paper (/) in this series. 

The Russian alphabet is the only difficulty encoun- 
tered in the terminology commonly used by the Rus- 
sians to designate the following unsaturated aliphatic 
hydrocarbons. Terminology based on Geneva nomen- 
clature is given in parentheses. 


Transliteration of ° 
Russian 
etilen 
(eten) 
propilen 
(propen) 
butilen 
(buten) 
amilen 
(penten) 
geksilen 
(geksen) 
geptilen 
(gepten) 
oktilen 
(okten) 
atsetilen 
(etin) 
metilatsetilen 
(propin) 
(etilatsetilen) 
(butin-1) 
dimetilatsetilen 
(butin-2) 
izopropilatsetilen 
(3-metil-butin-1) 


English translation 
ethylene 

(ethene) 
propylene 
(propene) 
butylene 

(butene) 

amylene 

(pentene) 
hexylene 

(hexene) 
heptylene 
(heptene) 

octylene 

(octene) 

acetylene 

(ethyne) 
methylacetylene 
(propyne) 
ethylacetylene 
(butyne-1) 
dimethylacetylene 
(butyne-2) 
isopropylacetylene 
(3-methylbutyne-1) 


Russian 

oTHIIEH 

(aTeH) 

MmponusieH 
(mpomeH) 

6yTHIeH 

(6yTeH) 

aMMJIeH 

(mleHTeH) 
rekcuJieH 

(rekceH) 

renTusieH 

(remreH) 

ORTHIICH 

(oKTeH) 

aleTusieH 

(9THH) 
MeTHJIAeTHIEH 
(mpormmH) 
sTuIAleTHIeH 
(6yTuH-1) 
{MMeTUIAleTuIeH 
(6yTuH-2) 
u3s0NponustaleTuseH 
(3-meTus-6y THH-1) 


In distinguishing between isomeric aliphatic hy- 
drocarbons, the Russians sometimes use the pre- 
fixes u30 (iso-), mceByo- (pseudo-), and Heo- (neo-), 


and also the adjectives HopMmasbHEri (normal), 
CHMMeTPHYUHEI Or CHMMeTpHUecKHi (symmetrical), 
HeCHMMeTPHYHBI Or HeCHMMeTpHYecKHi (asymmetri- 
cal). As is illustrated in the following examples, 
easily recognized radical names, e. g., MeTus (methy]l), 
atu (ethyl), mponum (propyl), etc., are frequently 
encountered. Note also that trivial names and the 
Geneva nomenclature may be used: 


HOpMaJIbHBIt GytaH normal butane 
usodytaH isobutane 
HOPMaJIbHbIi WeHTaH normal pentane 
usoleHtaH isopentane 
TeTpaMeTHJIMeTaH \ { tetramethylmethane 
HeoleHTaH neopentane 
Hs0mpeH isoprene 
(3-merus6yTayueH-1,3) (3-methylbutadiene-1,3) 
CuMMeTpHUHEI ~=symmetrical 

qumetusstusen dimethylethylene 
HeCHMMeTPHYHLIit asymmetrical 

J{MMeTHJIOTHIICH dimethylethylene 
(2-MeTHJImporeH) (2-methylpropene) 
BUHMJIaeTuseH vinylacetylene 
yuMeTusmponusimetan dimethylpropylmethane 
1,1-qumerusrexcen-1 1,1-dimethylhexene-1 
HopMasbuniit 6ytuyen normal butylene 

i. e., CH;CH,CH=CH, 
ncepyqooytHienH pseudobutylene 
2. e., CH; CH=CHCH; 
uso6ytusieH isobutylene 
4. ery (CH;)2,C—=CH, 





fied 


WUKI 
QUES 
qUKI 
qUKI 
TAKS 
1,1-y 


M 
4eCK 
by t: 


Oex3¢ 
TONY 
KCHIK 
quMo. 
KYMO. 
remed 
mceBy 
Me3HT 
mpeHy 
aypos 
HB0]LY 
cTHpO 
quer 
qu0eH 
(THI 
Hara 
TeTpa 
TeTpal 
qeKaJn 
qeKari 


XIopue 
MeTHJI=1 
\IOpue' 
X10podp 
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Cycloaliphatic hydrocarbons are referred to either as 
qukuonapadunsr (cycloparaffins) or as momMMeTuJI- 
eHoRbIe yrseBoxopoyst (polymethylene hydrocar- 
bons). Thus, for example: 


quksIonponak 
TpUMeTHIIEH 


quk0byTaH cyclobutane 
TeTpaMeTHIIEH tetramethylene 


(uKJIONeHTeH } { ee 


} { cyclopropane 
trimethylene 


neHTaMeTHJIeH pentamethylene 
qukuIorentaH \ cycloheptane 
rellTaMeTHJIeH heptamethylene 
\ { cyclooctane 


(UKIOOKTaH 
octamethylene 


OKTaMeTHJIeCH 


Closely related unsaturated compounds are exempli- 
fied by the following: 


quxmobytex cyclobutene 

quxso6ytagueH cyclobutadiene 

qukoneHteH cyclopentene 

qukiolweHtaquex cyclopentadiene 

quksioreKceH cyclohexene 

1,1-MerusmuKsonponunstuneH 1,1-methylcyclopropylethylene 


Many important aromatic hydrocarbons (apomaru- 
yecKHe yruieBonwopoyst) have simple names as shown 
by the following examples: 


6ex3s0 benzene 

Tomyom toluene 

Keuioal ~=xylene 

quMoL cymene 

KyMOI. cumene 

TremesmutTon hemellitene 
IceBqoKyMo pseudocumene 
MesuTHJIeH mesitylene 

mpesutoa prehnitene 

qypom durene 

usoxtypom isodurene 

cTupom styrene 

qudenua diphenyl 

qudensus dibenzyl 

crumb6eH stilbene 

HajtramuH naphthalene 
TeTpaJIMH tetralin 
TeTparuyq{pouadTasiMH tetrahydronaphthalene 
ekaJIMH decalin 
lekarnyqpouadtasinH decahydronaphthalene 
auTpareH anthracene 

aleHadteH acenaphthene 
aljenadtasmH acenaphthalene 
deHauTpeH phenanthrene 

mupeH pyrene 

TeotaneH pentacene 

nepuieH perylene 

1,2-Censnupen 1,2-benzpyrene 
dayopen fluorene 


(B) Halogen Derivatives of Hydrocarbons (Tano- 
IUpOWSBO_HEIe yruresoyopoyos): In naming halogen 
derivatives of hydrocarbons, the Russians may make 
use of adjectives, e. g., xmopucTsmi or Opomucrsiii, 
to indicate the presence of the respective halogens, e. g., 
chlorine or bromine, in combined form. To designate 
different isomers, the previously unmentioned adjec- 
tives, MepBpu4HET (primary), BTopHuHEi (secondary), 
TpeTHUHBH (tertiary), are sometimes used. 
pr ge \ methyl! chloride 
\1opucTbit MeTusieH methylene chloride 


X10podopm chloroform 
noxod@opm iodoform 


YeTEIPeXXJIOPUCTH yruepoy carbon tetrachloride 
TeTpaxjIopMeTaH tetrachloromethane 
6pomucts stu ethyl bromide 
@ropuctiit 6ytua butyl fluoride 
g@tropbexs0m fluorobenzene 
“weTEIpexToOpucTHi yruepox carbon tetrafluoride 
TeTpadTopMeTaH tetrafluoromethane 
Hoy_uCTH mponus propyl iodide 
HOQUCTH usomponus isopropyl! iodide 
epBUYHE voAUCTHK usobyTus primary isobutyl] iodide 
(1-no7-2-meTusmponaxH) (1-iodo-2-methylpropane) 
TpeTHUALI nopucTE Oy Tu tertiary butyliodide 
(2-moy-2-meTusmmpomaH) (2-iodo-2-methy! propane) 
XJIOPUCTEI TpHMeTHJIEH ee = 
t. e. Cl(CH2)3Cl 
OpomucTsiit TerpameTusieH tetra B bromide 
t. é., Br(CH2)4Br 
xulopucThiit stun ethyl chloride 
XJIOPHCTH sTUIM eH ethylidene chloride 
t. e., CH;CHCl, 
xslopucTbit ataen ethylene chloride 
t. e., CH2CICH;Cl 
TPUXJIOpITUIIEH trichloroethylene 
t. e., CHCI=CCl, 
TeTpaxsopsTusieH tetrachloroethylene 
t. e., CCl===CCl. 
XJIOpuCTHIi BuHUI vinyl chloride 
xmopucTHit amma allyl chloride 
1,4-"u6pom6yrTeu-2 1,4-dibromobutene-2 
xmop6eHs01 chlorobenzene 
xuopucTHi Oexsum benzyl chloride 
xulopucTEit GeHsaJIb benzal chloride _ 
xulopucTHit Oexsun eH benzylidene chloride 
xuopHaptanun chloronaphthalene 
xulopaHtpaneH chloroanthracene 


Oens0Tpuxs0puy, , ‘ 
xopucTstit GeHseHust benzotrichloride 


(C) Alcohols (Anxoronst or Cuupts): The Rus- 
sian names for alcohols may be either simple nouns, 
complex nouns, or word combinations. In a few cases 
a Russian root is involved in the derivation of an ad- 
jective or noun used in naming an alcohol. 

(1) MONOHYDRIC ALCOHOLS (OHoaTomHEIe 
CIIMpTBI) : 


MeTaHOJI methanol 
MeTHJIOBEIM CupT methyl alcohol 


BHHHEI® CIUpT | spirit of wine 


jpeBecHsrit’ st, wood alcohol 


oTaHou? ethanol 
STHIIOBH CHUpT ethyl alcohol 


The possibility of deriving several alternate names 
for higher alcohols is illustrated by considering the iso- 
meric propyl and butyl alcohols. 


Propyl Alcohols (IIpomuzossie cnupTst) 


TlepBHYHEI IpOMMIOBEI CLupT \ { primary propyl alcohol 
mponaHos-1 propanol-1 


isopropyl! alcohol 


M3OIMpOMMJIOBLI CHUpT 
propanol-2 


mponmaHnos-2 


BTOPHYBbI MPOMAIOBEI CHupT | | secondary propy! alcohol 


Butyl Alcohols (ByTustosbie cnupTst) 


OyTHIOBLI ciupT butyl alcohol 


HOPMAJIBHBI NepBHYHBIt | normal primary 
6ytTaHom-1 butanol-1 





7 From jepeso, wood. 
8 From BuHo, wine. 
9 Not to be confused with stanon (scale) from French, 


“€étalon.”? 
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HOPMAJIbHbIM BTOPUYHEIi | 
OyTHJIOBLI CIupT butyl alcohol 

6yTaHos-2 | butanol-2 

nus00yTHJIOBEI cuupT ) isobutyl alcohol 

2-meTusmponaHos-1 2-methylpropanol-1 

wMs0nponMsiKapOuHosI isopropylearbinol 

TpeTu4Hbi OyTuuoBEi CuupT tertiary butyl alcohol 

TpUMeTHIKapOuHO trimethyl carbinol 


{ normal secondary 


The basic nomenclature of other higher saturated 
aliphatic alcohols follows the same pattern. 
AMMJIOBLI CIUpT amy] alcohol 
NeHTAHOJI pentanol 
FeKCHJIOBLIM CHUpPT \ { hexyl alcohol 


reKcaHoJI hexanol 
PellTusIOBLI CIMpT } { hepty! alcohol 
rellTaHod heptanol 
OKTHJIOBLIM CIMpT } { octy! alcohol 
OKTAHOJI octanol 


wlaypuoBni cnupt lauryl alcohol 
HeTHIOBLI cnupt cetyl alcohol 
MeJINCCHIOBLI cuuptT melissyl alcohol 


The ‘“carbinol” nomenclature for alcohols may be 
used also: 


ueTHIMeTuIKapOuHOn diethylmethylearbinol 
HMKIONPONMIMMeTHIKAapOuHO cyclopropyldimethylcarbinol 
aJlIMgquMetuiKapounon allyldimethylearbinol 


Russian nomenclature for various unsaturated alco- 
hols is closely related to corresponding English termi- 
nology. 


BUHUJIOBLIM cnupT vinyl] alcohol 
aJIIMIOBbI cnuptT allyl alcohol 
nponaprusopyi cnupt propargy! alcohol 
poqunon rhodinol 

wuTpoHemson citronellol 

repaHnom geraniol 


Hepo nerol 
oneuso0BEIii cnupt oleyl alcohol 

(2) POLYHYDRIC ALCOHOLS (MuoroaTomusie 
cnuptni): Note the very close relationship between 


corresponding terms used by Russian- and English- 
speaking chemists. 


ruukomp glycol 
aTuseHriukKonb ethylene glycol 
qurauKonp, diglycol 
nomurmukoib polyglycol 
yueTusenrmukonb diethylene glycol 
NOUMSTUIeHTIMKONb polyethylene glycol 
IIPOMMJICHTIMKOJIb propylene glycol 
(mponaHyuos-1,2) (propanediol-1,2) 
TPUMeTHIICHIMKOIIb trimethylene glycol 
(mponangquos-1,3) (propanediol-1,3) 
6y THJICHIMKOJIb } butylene glycol 
a-Oy THIEHTIMKOIb a-butylene glycol 
i. e., CH;CH,CHOHCH,0OH 
B-6yTunenrsmMKoIb { B-butylene glycol 
i. e., CH; CHOHCH,CH;0H 

-Oy THeHrIMKOIb } -butylene glycol 
TeTPaMeTHJICHTIMKOIIb tetramethylene glycol 

i. é., HOCH.,CH;CH.CH;0H 
IIMHAKOH pinacone 
rumyepun \ 
(aponantpuos-1,2,3) { 
sputput erythritol 


Other polyhydric alcohols are listed under (P), (a), 
“Sugars and Products of Their Oxidation and Reduc- 
tion.” 


glycerol 
(propanetriol-1,2,3) 
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Since the following may be considered derivatives of (1 


polyhydric alcohols they are considered at this oom. art 
suuxsopruypun epichlorhydrin . 
xuopruypuxH chlorhydrin aypal 
, opm: 
OKMCh STUJICHTINKOJIA oxide of ethylene glycol 
OKHCb 9THIIEHA oxide of ethylene opm 
i. e., CH2—CHyz opm 
napad 
re) TPHOE 
OKHCh Tponusiena {§ oxide of re ee ykeye 
t. e., CH —CH aleTa 
mapa 
: . nv 
oKucb TpumeTusiena f oxide of trimethylene on 
t. é., CH.CH.CH. AaJIb 
eg) 
130Ma 
As pointed out under (J), “Ethers and Esters,”’ the “ 
Russians sometimes use trade names, such as “Cello. 

” : . a KalIpy 
solve,” to designate certain ether derivatives of ethylene kanpo 
glycol. aKpoul 

(D) Phenols (exomst) and Aromatic Alcohols *h°™" 
(Apomaruueckue cnoupTs): Here again Russian termi-] qurpa 
rH0K 


nology is closely related to that used by English- : 
speaking chemists. Note, however, that the -oafverus 
suffix does not always denote a compound containingj aero: 


an -OH group. Thus we have, for example, 6exs0a, ‘stace 
benzene; Tosryom toluene; fypon, durene; muppor,| nono 
pyrrole; Kap6asor carbazole, etc. nceBy 
alleTOr 
denon phenol pues 
tpuopom@exon tribromophenol eBY JU! 
Kpesom resol opox 
KapBakpom carvacrol quae’ 
Tumon thymol OKHCb 
rugpoxuHou hydroquinone quare’ 
pesopuuH resorcino cy6epc 
mupoKatexuH pyrocatechol rekcam 
muporasuon pyrogallol 
@xopormonuun phloroglucinol 2 
okKcurugpoxuHon hydroxyhydroquinone (2) 
6eHsuI0BEI crupt benzyl alcohol MaTH' 


casIMMuOBEI coupt salicylic alcohol 


caJIMreHuH saligenin 0 
oOpTo-oKcH-OeH3SHJIOBLIi CIMpT ortho-hydroxybenzy | alcohol 
KopuuHEi!? cnupt cinnamyl alcohol 

B-nadron B-naphthol 

aHTpaHon anthranol 

TpuHuTpodenon trinitrophenol 

IIMKpuHOBaA KucIOTa picric acid 

cTH@HUHOBAA KucuoTa styphnic acid 
TpudenumkapOunon triphenylcarbinol 
?;p',p"-TpuaHusuKapOuHon p,p’,p”-trianisylcarbinol 










HHI 
(E) Aldehydes (Anpyerugst) and Ketone a 
(Kerousr): Note the use of (1) trivial names, e. gp 'Aet 


alleTou, acetone, (2) complex nouns, e. g., MeTHIOyT 
ujikeToH, methyl butyl ketone, (3) word combination 
involving two nouns with one of them in the genitiv 
case, €. g., OKCHM aljeToHa, oxime of acetone, (4) wor 
combinations involving an adjective, derived eithe 
from a Russian root, e. g.. yKcycHpii from yxKcy¢ 
vinegar, or from a foreign root, e. g., MpomMoHosblif{:; 
from mponmon-, propion-. For lengthy lists of sucl 
adjectives see (F), “Carboxylic Acids of the Aliphati 


Series” and (@) “Carboxylic Acids of the Aromatid {; e 
Series.” 0 Fr 
14 Fr 





10 From Kopuma, cinnamon. 
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res off (1) ALIPHATIC ALDEHYDES AND KETONES (Amu- 
nt. | arwueckHe aJIbyqerupbI H KeTOHEI): 


MypaBbuHEi!! ampyerny } { formic aldehyde 
opMasIbyeruy, formaldehyde 


dopMasuu formalin 

dopMomb formol 

napadopMasbyerug paraformaldehyde 
TpHokcuMeTusen trioxymethylene 


ykcy CHEM? anbyeruy acetic aldehyde 
aleTasIbyeruy, acetaldehyde 


napasbyeruy, paraldehyde 

NpONMMOHOBLI aibyerug propionic aldehyde 

(HOpMaJIbHEI) MacuiaHbri!® (normal) butyric 
abyeruy, aldehyde 

u30MacJIAHEI!? aEperuy acres +4 aldehyde 


paJlePbAHOBBIM aJIbyeruy 


” the 
) “8 paslepHaHOBLIit asIbyeruy 


Cello- 
Lylene 


\ valeric aldehyde 


capric aldehyde 


KalIPHHOBEIt aJIbyeruy C 
caproic aldehyde 


KallIpOHOBHIM aJIbyeruy, 
akpouieHH acrolein 
KPOTOHOBHIt aJIbyeruy, 
THIVIMHOBBIM aJIbyeruy 
quTpagb citral 
yglish-| "OKCaTE glyoxal oe 
aHTapHEI' ampyerum succinic aldehyde 
> -O] yerus-ramoKcamb methyl glyoxal 
aining| aleToH acetone _ 
1307, | MUPOMMIIKETOH dipropyl ketone 
eee" MeTunOyTuKkeToH methyl butyl ketone 
ppou, 


crotonic aldehyde 
cohol tiglic aldehyde 


termi- 


ao 


HOHOH ionone 
IceBOHOHOH pseudoionone 


alleTOHH acetoin ; 
alleTHJIMeTHIKApOMHOII ‘‘acetylmethylcarbinol’’ 


JeBY IMHOBLI ambyerug levulinic aldehyde 
g@opoH phorone 

quayetus diacetyl 

OKHCb MesuTuIa mesityl oxide 

quareronosriit cuupt diacetonyl alcohol 
cy6epoH suberone 
TeKCAMeTHJICHKETOH } fee ketone 


(2) AROMATIC ALDEHYDES AND KETONES (Apo- 
MATHUeCKHE AJIb]CrHbI MH KeTOHEI): 





OeH30HHEI allbaerua benzoic aldehyde 
(eH3aJIberUuy benzaldehyde 


KopuyHE anbyerug, cinnamic aldehyde 


} { benzophenone 
diphenyl ketone 


Icoho! 


(ensoeHor 
uheHHIIKeT OH 


kuetoenour acetophenone 
SeH30xHHOH benzoquinone 
HajtoxuHoH naphthoquinone 
RHTpaxXHHOH.. anthraquinone 
BAHHIMH venillin 
poToKaTexoOBbiii aubgerug, protocatechuic aldehyde 
AIMMMIIOBLI abgerug salicylic aldehyde 
JIb]eTH, OPTO-aMuHO- aldehyde. of ortho-amino 
KOPH4HOH KUCIIOTEI cinnamic acid 
TOIYHIOBLU ambyeruy p-toluilic aldehyde 

t. @., pP-CH;CsH,CHO 
















enitiVieron muxsiepa Michler’s ketone 
) wordgetpameras- tetramethyl- 
: uamHHOOeHB0peHOH diaminobenzophenone 


‘“opaHua chloranil 

‘Pexsanbayeton benzalacetone 
“1opayetodeHowH chloroacetophenone 

prodeH3oxuHoH ortho-benzoquinone 





"| From mypaseii, ant. 
From ykeyc, vinegar. ‘ 
8 From macuo, oil, fat. 

From AnTaps, amber. 
® From Kopuya, cinnamon. 





33 


(3) DERIVATIVES OF ALDEHYDES AND KETONES 
(IIpousBogHEle asibyeruyoB HW KeTOHOB): 


xmopamb chloral 
xuopasbragpat chloral hydrate 
STHIAleTasIb YKCYCHOLO aJIbaqeruya ethylacetal of acetic 
aldehyde 
4. @.5 CH,CH(OC.H;): 
dopMasIb } pi 
]MMeTHJaleTaib PopMasiEAeruya dimethylacetal of 
formaldehyde 


dopmManpyeruy-Oucyubhut Hatpua formaldehyde-bisulfite of 
sodium 
+. @., H.C(OH)SO;Na 

alleTOHIMAHTuapuH } acetone cyanhydrin 
WMaHTuapuH aleToHa cyanhydride of acetone 

a. @., (CH3)2C(OH) (CN) 
OensambyeruyaMMuak hesenbddhinds ammonia 
oKcuM alleToHa oxime of acetone 
cbenuuruypason aretoua phenylhydrazone of acetone 
XMHOH]{MOKCHM quinone dioxime 
cemukap6as0H KopuuHoro semicarbazone of cinnamic 


asIbyeruma aldehyde 
(F) Carboxylic Acids of the Aliphatic Series 
(Kap6onopsie KUuCIOTEE asudaTHueckoro § psya): 


Russian names of aliphatic carboxylic acids consist of 
the noun, Kucuorta (acid), modified by the adjective 
which establishes the identity of the acid. In the fol- 
lowing lists, the Russian word, Kucyora, and the 
corresponding English word, “acid,” have been omitted 
to avoid tedious repetitiousness. Consequently, from 
a grammatical point of view, the following lists consist 
of adjectives whose ending -aa, indicates agreement 
with the omitted noun kucuota. Note that the stems 
of most of these adjectives, e. g., mpomuonos-, consist 
of a root of foreign origin, ¢. g., propion- (mpomuoz-), 
to which a Russian suffix, e. g., -oB-, has been attached. 

(1) SATURATED MONOBASIC ACIDS (IIpeyeurbHsre 
OJ{HOOCHOBHBI€ KHCJIOTEI) : 


MypaBbuHaa!® formic 
ykKcycuaa!” § acetic 
mpommoHoBasa propionic 
MaciiaHas'® butyric 
wusomaciaHaa!® isobutyric 


BajJlepHaHOBaA 
BajJlepbAHOBaA 
KallpoHoBas caproic 

rentaHoBaa heptoic 

Kallpusiopaa caprylic 

newapronuosan pelargonic 

KallpuHoBaA capric ' 
yHyekaHopaa hendecanoic 

jiaypuHosaa lauric 

TpuyeKaHopas tridecanoic 

MMpECTHHOBaA myristic 

lleHTajleKkaHoBaa pentadecanoic 
HaJIbMuTHHOBaA palmitic 

MaprapuHoBad margaric 

cTeapuHoBan stearic 


\ valeric 


HOHayeKaHoBaA nonadecanoic 
apaxuHoBaa \ {eae 
sitkosaHoBaa eicosanoic 
6ereHoBaa \ { behenic 
qjoKosaHoBaa docosanoic 


TPHKO3aHOBAA tricosanoic 
JIMTHOWEPHHOBAA lignoceric 
IlepOTHHOBaA cerotic 
MeyIuccHHOBaA = melissic 





16 From mypaseit, ant. 
7 From ykcye, vinegar. 
18 From macao, oil, fat 
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(2) UNSATURATED MONOBASIC acIDS (Hemnpeje- 
JIbHbI€ OMHOOCHOBHBI€ KHCJIOTEI) : 


akpusiopan acrylic 
BUHUIyKcycHan vinylacetic 
KpoToHoBaa _ crotonic 
M30KpOTOHOBaA isocrotonic 
aHresmkKoban angelic 
TursmHoBan tiglic 
yHylekeHosaa undecylenic 
oueuHoBan oleic 
amauguHoBan§ elaidic 
apykopan erucic 
OpaccuguHoBan brassidic 
copOuHoBan sorbic 
jIMHOeBAA 
wIbHAHAA! 
JIMHOJICHOBAA 
JIBHAHOMAaCIIAHAA”? 
syleoMaprapuHoBad eleomargaric 
amleocteapuHoBas elaeostearic 
xayJIbMyrpoBasé 
yay JIMyrpoBas 
ruyHoKapnosas hydnocarpic 
olitukoBnan oiticitic 
mpommozoBpaa propiolic 
cTeaposoBan_ stearolic 
puluHoseBan 
puIuHONenHOBaA 


\ linoleic 


\ linolenic 


\ chaulmoogric 


} ricinoleic 


(3) SATURATED DIBASIC ACIDS OF THE ALIPHATIC 
SERIES (IIpemqeububre ByocHOBHEIe?! KUHCJIOTHI 
asm@aTuyueckoro psa): 


mabeseBan ?*oxalic 
MajIoHOBaA malonic 
AHTapHad”® succinic 
ruyTapopan glutaric 
ajlumuHoBpan § adipic 
uMesIMHOBaA pimelic 
mpoOKopas4 : 
| suberic 
aselauHoBaA azelaic 


ceOanuHoBan sebacic 

M80AHTApHaA iso-succinic 
aTHIIMeH-AHTapHaAa ethylidene-succinic 
MeTHJIMAJIOHOBAAL methylmalonic 


4. @., CH;CH (CO2H)> 


9THJIMAJIOHOBAA eo. 
t. é., C.H;CH (CO2H): 
6-merunayununospan 6-methyladipic 


(4) UNSATURATED DIBASIC ACIDS OF THE ALIPHATIC 
SERIES (Henpefesbynie BYyOCHOBHEIe*! KHCJIOTEI 
ayludaTHuecKoro pata): 


MajiIeHHOBast maleic 
dymMapoBan 
JIBIMAHKOBaA?> 
WuTpakoHopan citraconic 
Me3aKOHOBaA mesaconic 
MTaKOHOBaA itaconic 


(5) 


6pomyKcycHan”® bromoacetic 
TpuxsopyKcycuan”® trichloroacetic 
muaHyKcycHan”® cyanoacetic 


} fumaric 


MISCELLANEOUS: 





19 From sien, flax, linen. 

0 From sien, flax, linen, and macao, oil, fat. 

*t The masculine, nominative singular of this adjective is 
spelled sometimes qByOcHOBHEI and sometimes 7ByxOCcHOBHEIH. 

22 From masesib, sorrel. 

23 From sauTapb, amber. 

24 From mpo6xa, cork. 

* From ypimanka, fumitory, a plant of genus Fumaria. 
26 From ykcyc, vinegar. 
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MeTusIoTusyKcycHan?® methylethylacetic VE 
qumeTHIMasoHOBaa diethylmalonic ins 
okcuyKcycHan”® hydroxyacetic AH 
raiMmkKoeBaA glycolic 6e 
mMouIOdHa2” lactic ot 
a-OKCHIponmMoHoOBaA a-hydroxypropionic 6e1 
(mpomaHosi-2-KucsI0TAa) (“propanol-2-acid’’) eM 
TapTpoHoBas tartronic : 
xOno0unaa*® malic wes 
auMouHan”? § citric ; 
papas BuHHas®? \ f dextrotartaric 
BUHHOKaMeHHaA*!f{ | “wine stone’? (acid) XII 
jlepaa BuHHan®? laevotartaric f E 
patlemuyeckan BuHHaA®? { racemic tartaric XJIC 
BuHorpayHan®? “‘grape” (acid) XuIC 
MesoBuHHaa®® mesotartaric K 
dopmustyKcycHaa”® formylacetic 6po 
alleToyKcycuan?® acetoacetic p XJIO 
(6yTaHOH-3-KuCJIOTA) (“‘butanone-3-acid’’) XJ10 
maBesleBoyKcycuan”®, 33 oxaloacetic K 
mupoBuHorpayHan®? { pyruvic = 
(nponanonkucmora) f | (“propanone acid”) ce 
jleBy JIMHOBaA levulinic ee 
(meHTaHOH-4-KucmIOTA) (‘‘pentanone-4-acid’’) on 

(G) Carboxylic Acids of the Aromatic Series ¢ 
(KapOonoptie KUuCJIOTHE apomMaTH4ecKorO psa): (Cy 
As in the preceding section, the Russian word, § 2 
KucuotTa, and the corresponding English word, “acid” thor 
have been omitted to avoid repetitiousness. G10. 

CJ1O. 
6ens0H%Haa benzoic indi 
Kopu4Haa*s cinnamic 
casmmusosan salicylic fron 
rasisiopan gallic diffi 
HajTotinaa naphthoic rw 
Gexsoun6en30HHan benzoylbenzoic ines 
BepaTpoBaa veratric if no 
g@ranesan phthalic ayy 
romoptasiepasx homophthalic pt 
MeJIJIMTOBAA 
menonaa* \ mellitic an a 
OpTO-OKCHKOpu4HaA ortho-hydroxycinnamic auy 
KyMapoBaa coumaric this | 
denustyKcycHaa phenylacetic 
MUHaJIbHan mandelic ‘ 
okcudeHuslyKcy cHaa hydroxyphenylacetic 
eHUJITINKONOBAA phenylglycolic Mery 
6-benusmponmonosaa 6-phenylpropionic 9ITHIIO 
2,3-oKcuHadtToituaa 2,3-hydroxynaphthoic quoTH 
1-xs10p-aHTpaXxHHoH-2- 1-chloro-anthraquinone-2- MeTHUI 

KapOoHoBaA carboxylic ITH 

: } ? j , MeTHUJI 
(H) Anhydrides and Acid Halides of Acids sunn0 
(AnrugpuyEt uw rasoufqanrugpuyE® xucnot): The — 
Z ; : eTHII 
terminology of anhydrides closely parallels that of acids. 
Note that a minor grammar detail is involved here duef A » 
to difference in gender between KucuotTa (feminine) § °Meur 
and aurugpum (masculine). Hence we have “0BbI 
6eus0iiHan KuczoTa, benzoic acid, but Oexsoiiusii Sue 
anruypun, benzoic anhydride. The use of adjective, also u 
such as xopucrsii (derived from xmop, chlorine), ternat 
in naming acid halides merits careful attention. uerore 

27 From mowoKo, milk. Yeus10¢ 

28 From s0s10Ko, apple. MOHODT 

29 From smamou, lemon. kapOan 

30 From BaHo, wine. MoHOaT: 

31 From BuHO, wine, KaMeHB, stone. wer 

32 7 

From suxorpag, grapes. se 

33 From maseJib, sorrel. 37 Fre 

*4 From Kopuma, ee 8 Bre 

35 From meq, hone 


36 Literally, “haloydanhydrides.” 
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yxcycHbii*®’ anruppuy, acetic anhydride 
MaJleMHOBBIM anTuypuy, maleic anhydride 
suTapHEii®’ aprugpuy succinic anhydride 
6eH30HHEI anrugpuy benzoic anhydride 
ranessrii ansrugpug phthalic anhydride 


6eH30UJI-YKCy CHE anTuypuy benzoyl-acetic anhydride 
cMellaHHbIit OeHs0nJIyKcy CHE mixed benzoic acetic 
aHrugpay anhydride 
HenOJIHEIM XopanHrugpuy partial chloranhydride of 
AHTAapHOH KHMCJIOTEI succinic acid 
t. e., HOOCCH:CH:COCI 
xlOpaHruypuy ABTApHOH chloranhydride of succinic acid 
KUCJIOTEL t. e., CICOCH.CH,COCI 


XJIOPHCTEI alleTuII acetyl chloride 
xlopaHrugpuy yKcycHoit chloranhydride of acetic 
KHCJIOTEI acid 


6pomucTE anetum acetyl bromide 

XOpucTH nasbMuTus palmityl chloride 

xlopaHruypuy xopyKcycHok chloranhydride of chloracetic 
KUCJIOTEI acid, 7. e., CH2CICOCI 


xopucTEit OeH30nI1 : 
6ensOmsI-x2I0pUII } benzoyl! chloride 


noucTEit GeHsoum benzoyl iodide 
gTusicyubpoxsopuy ethylsulfochloride, 7. e., CzH;SO2Cl 


(I) LEthers® (IIpoctste odupsr) and Esters® 
(CuoxHEIe oduppt): The word sdup in Russian is 
a generic term embracing both ethers and esters. Al- 
though an ether is termed mpocrtoii s@up and an ester 
ciomHEI =60ad@up, the adjectives mpocto# and 
ciowHEIi are not included, as a rule, in the names of 
individual compounds. The omission of the adjectives 
from the names of compounds causes no particular 
difficulty since it is usually clear from the context 
whether the compound is an ester or an ether. Thus, 
if no acid radical is mentioned or implied in naming an 
aup, it is, by obvious inference, an ether. If, how- 
ever, the compound name indicates the presence of both 
an acid radical and the radical of an alcohol then the 
adup is an ester. The following examples illustrate 
this point. 


Ethers (IIpocrste adupst) 


MeTHJIOBLIM sup methyl ether 

ITHIOBLI sup ethyl ether 

quoTHIoBE aup diethyl ether 

MeTHIMpOMMIOBEI sup methyl propyl ether 
ITHIMpOMMIOBLI sup ethyl propyl] ether 
MeTHIeHUIOBEI sup methyl phenyl ether 
BHHHJIOYTHIIOBLI sup vinyl butyl ether 
TPHBHHUIapup raugepuna trivinyl ether of glycerol 
MeTHJIOBLI adup d@eHoua methyl ether of phenol 


A mixed ether may be referred to by the term, 
CMelaHHBii o@up, é€. g., CMeIaHHEi meTus6yTu- 
iopprt adup, mixed methyl butyl ether. 

Such terms as methoxy, ethoxy, phenoxy, etc., are 
also used in naming ethers. Note also the use of al- 
ternate naming methods, including trivial names. 


MeTOKCHalleTHJIeH pte Rate 


i. @.y 
} { ‘‘Cellosolve” 


TeJIIOCOJIBB 
monoethy] ether of glycol 


MOHOSTHJIOBLI SUP TIMKOIA 

RapOuTosr “Carbitol” 

MOHOSTHIIOBLI aup monoethy] ether of diethylene 
WeTHIIeHTIMKOIA glycol 





37 From yxcyc, vinegar. 

38 From antapb, amber. 

Occasionally the Russian use step for ether and acrep for 
ester. 
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xylopekc “Chlorex” 
8,8’-quxnopauetunoBstit sup B,8’-dichlorodiethy] ether 
a-MeTOKcu-BuHuI-GeH301 a-methoxy-vinyl-benzene 
4. Cy CsH;C(OCH;)—=CH, 
okucb Wudenusia oxide of diphenyl 
aHus0 anisole 
o-rop-anuso01 o-fluoroanisole 
g@enerom phenetole 
p-MeTOKcukKopu4Had”? kucroTa p-methoxycinnamic acid 


Esters (Crosusie supst) 


The use of phrases in naming esters should be noted 
carefully. Literal translations are given of the follow- 
ing examples in order to make this point clear. 


yKcycusiit sup u3s0amMusIOBOro cnupTa 
acetic ester of isoamyl alcohol 
M80aMHJIOBLIi sup yKcyCHO KUMCJIOTEI 
isoamyl] ester of acetic acid 
BHHHEI sbup OyTuOBOrO akoroa 
tartrate ester of butyl alcohol 
6yTH0BEI sup BHHHOM KUCIIOTEI 
butyl ester of tartaric acid 


6exs0iiHEi sup MeTUIOBOrO cnupTa 
benzoic ester of methyl alcohol 
MeTHJIOBLI sup OeHsoiiHO KHCIIOTEI 
methyl ester of benzoic acid 
MaCJIAHBI sup 9YTUIOBOrO cHupTa 
butyric  esterofethyl-- alcohol 
STHJIOBLI sup MacJIAHOM KUCIOTHI 
ethyl ester of butyric acid 
cepHucTHi sup 9sTHIOBOrO cnupTa 
sulfurous ester of ethyl alcohol 
STHIIOBLI sup cepHucTo KUCIIOTHI 
ethy] ester of sulfurous acid 
cepHEIi sup sTuIOBOrO cnupTa 
sulfuric ester of ethyl alcohol 
STHIIOBLI aup cepHOi KUCJIOTEI 
ethyl ester of sulfuric acid 
asOTHCTHi sup aMMJIOBOrO asKorowa 
nitrous ester of amyl alcohol 
AMHMJIOBLI sup as0THCTOM KUCIIOTEI 
amyl ester of nitrous acid 
asoTHEIit aup aMMIIOBOrO asIKoroma 
nitric ester of amyl alcohol 
AMHJIOBHI sup as0THO KUCIIOTEI 
amyl ester of nitric acid 

OopHErii sup MeTHIOBOrO cnupTa 
boric ester of methyl alcohol 
MeTHJIOBLI aup OSopHoit KuCcOTEI 
methyl ester of boric acid 


Alternate methods for naming esters recall to mind 
two methods used by the Russians for naming inorganic 
salts. For example: ’ 


yYKcycHOMs0aMHJIOBLIt otup 
u30amMusIaleTaT 
BUHHOOyTHIIOBLI 9dup 

6yruntaprpar buty] tartrate 
OeHs0HOMeTHIIOBEI aup 
ueenstemnens methyl benzoate 


MACJIAHOSTHIIOBH sup 
aTunOyTupat \ ethyl butyrate 


cepaucrospaonut BHP } ethyl sult 
cepnooraronsit obap | ethyl sulfate 
as0THCTOaMHMJIOBLI 9up 
AMHJIHUTPUT 
asOTHOAMHMJIOBEIt acup 
aMMJIHUTpat 


6opHoMeTusOBE obup \ 
MeTus6opaT methyl] borate 


isoamyl acetate 


amy] nitrite 


\ amy] nitrate 





40 From Kopuma, cinnamon. 
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Various minor details of Russian nomenclature of 
esters are illustrated by the following: 
cpeqHuit MeTHIOBEI sup cepHOw KUCIIOTEI 
neutral methyl ester of sulfuric acid 


MeTuIOBEH sup cochopHo KucIOTEI 
diethyl ester of phosphoric acid 


TpueTunoBEi apup dochopHoit KuciOTEI 


triethyl ester of phosphoric acid 
MeTHJIOBLI abup MeTAKPUIIOBO KUCIIOTEI 
methy] ester of methacrylic acid 


STHIIOBLI spup SeHs0IcyIEpOKUCIIOTEI 
ethyl ester of benzenesulfonic acid 
MeTHJIOBLI 9pup alleTOyKcycHok KuCcIIOTH 
methyl] ester of acetoacetic acid 


ykeycHbi sup BUHMTIOBOrO cuupTa 

acetic ester of vinyl alcohol 

quus06yTHI0BHit spup MaJIeMHOBOM KUCJIOTEI 

diisobuty] ester of maleic acid 
Oens0HOmenuoBErit oup phenyl] benzoate 
OpomyKcycHosTHIOBEI sup ethyl bromoacetate 
alleTOYKCYCHOSTHJIOBLI aup ethyl acetoacetate 
]{M9THJIMAJIOHOBOMeTHJIOBLI Bup methyl! diethylmalonate 
a. €., (CeoHs)2C(COOCHS)> 
dimethyl] sulfate 

vinyl acetate 

glycol dinitrate 
m-cresol acetate 
methylsulfuric acid 


qumerusicy bat 
BHHUIIANeTaT 
P'IMKObUHUTpAaT 
m-kKpes0osI-alleTat 
MeTHJICepHaA KHCIIOTA 


A few esters have trivial names, some of which are 
mentioned under (P), (C) and (D), of this paper in dis- 
cussing the nomenclature of essential oils and fatty 
oils. Note also the following: 


nagMuTuH palmitin 
cTeapHH stearin 
TpucTeapuH tristearin 
TpwayeTuH triacetin 


The naming of ortho esters is about as might be ex- 
pected. 


STHIOBLI sup OpToyKcycHO KuCIOTEI 

ethyl ester of orthoacetic acid 
TeTpaMeTOKcuMOHOCcHIaH tetramethoxymonosilane 
MeTHJIOBLI aup OpTOKpeMHeBO KUCIOTEI 
methyl ester of orthosilicic acid 

STHIOBLI ohup OpTOyroLHOK KUCIOTH 

ethyl ester of orthocarbonic acid 


At times, when referring to an ester, the Russians 
may fail to point out specifically that the ester in ques- 
tion is the ethyl ester. 


aueToyKcycHiii sup acetoacetic ester 
MasoyKcycHbi abup diazoacetic ester 
STHIIMAJIOHOBLI a@up ethylmalonic ester 
¢. Cus C2H;CH(CO.2C2H;s) 

OpTOyroJIbHEI sup orthocarbonate ester 

‘, ey C(OC2Hs).4 
MAJIOHOBLIi sup malonic ester 

t. Cry CH:2(CO2C2Hs) 2° 

WuaHyKcycHElii apup cyanoacetic ester 

‘ é., CNCH-,CO.C:H; 


The word adup is sometimes used by the Russians 
in naming xanthates and also cyanates, thiocyanates, 
and related compounds, e. g., 


STHIIOBLIN BU POLAHUCTOBOMOPOAHOK KUCIIOTEL 
STHIOBLI 9hup THOMMAHOBOM KUCIIOTEI 

ethyl ester of thiocyanic acid 

poyaHucrEi spup sTu0BOro cuupTa 
thiocyanate ester of ethyl alcohol 


C:HSCN 
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H30IpOnMJIOBLI sup us0poqaHucTOBO_Opos- 
HOH KUCIIOTEI 

H30IPOMMJIOBLI sup H3s0THONMAHOBOLE 
KUCJIOTEI 

isopropyl] ester of isothiocyanic acid 

H30THONMAHOBEIM aup M80NponMJIOBOrO 
ciupta 

isothiocyanate ester of isopropyl alcohol 

dbenus0BEit sup WHaHOBO KUCIIOTEL 

phenyl ester of cyanic acid 

W300UaHOBEI sup MeTHJIOBOrO cuupTa 

isocyanate ester of methyl alcohol 

KCaHTOreHOBEI Sup ITUJIOBOTO cuupTa 

xanthate ester of ethyl alcohol 


Before leaving esters, it should be mentioned that the 
Russians sometimes use HuTpo- (nitro-) incorrectly, 
just as we do, to designate esters of nitric acid. Thus 
we have, for example: 


(CH3)2CHNCS 


HUTpormunepuH nitroglycerol 
HuTpOrMKONb nitroglycol 
HUTpOKeTuaTKa*! nitrocellulose 
HuTpoKpaxMasr‘? nitrostarch 


(J) Nitrogen Containing Compounds** (Azorcoxep- 
maloue coequnenus): In general, Russian termi- 
nology of nitrogen-containing organic compounds paral- 
lels the nomenclature used by English-speaking chem- 
ists so closely that need for comment rarely arises. 


(1) ALIPHATIC AMINES** (AnMdaTHuecKHe aMHHBI): 


MeTujIamuH methylamine 
sTusiamMuH ethylamine 
mponusiaMun propylamine 
quMetTusiamMuH dimethylamine 
TpuMeTusamMun trimethylamine 
sTueHquaMuH ethylenediamine 
nmponusienyquamun propylenediamine 
lly TpenuH putrescine 
2 { 1,4-diaminobutane 
TpuMeTusieHamuH trimethyleneamine 
(i. e., eyclopropylamine) 
TeTpaMeTusieHamuH tetramethyleneamine 
(i. e., eyclobutylamine) 
sTaHouamuH ethanolamine 
MOHO-9TaHOaMuH monoethanolamine 
Tpu-sTaHouamMuH triethanolamine 
rugpaT oKkucu ‘hydrate of oxide”’ of 
TeTpaMeTuIaMMoHuA*® tetramethylammonium 
4. ey (C-H;)4NOH 
rugpaT TpuMeruseTusamMonHusa*® hydrate of trimethylethyl- 
ammonium, 
4. Cy (CH3)3(C2H;) NOH 
KapOamuHoBad KucsIoTa carbamic acid 


(2) AROMATIC AMINES (ApoMaTHuecKHe aMHHEI): 


aHuMH aniline 

opto-TosyuyuH ortho-toluidine 
MeTa-ToulyuquH meta-toluidine 
mapa-TouyuyuH para-toluidine 
KenuugquH xylidine 

uMeTHuIanHuMH dimethylaniline 
Tpudenusamun triphenylamine 
6ensusiamMuH benzylamine 
p-enusienquamun p-phenylenediamine 
6en3uquH benzidine 





41 eneTuaTKa, cellulose. 

42 kpaxmaui, starch. 

43 Cf., also (O) ‘‘Heterocyclic Compounds.” 

44 In order to distinguish between primary, secondary, and 
tertiary amines, the Russians may use the adjectives, neppauHblii 
(primary), BropwuHsrit (secondary), and rpetauHsit (tertiary). 

45 In this word combination, the basic noun, ammMonuua, is in 
the genitive singular case. The- corresponding nominative 
singular is amMonuii, ammonium. 























HUT 
TET} 
XJI0 
HHT] 
HUT] 
1-HY 
TpuI 
aTHI 











alert 
6yTn 
aMuy 
nosy 






nosy 





aMuyy 






6en3¢ 
amit 
Oeu3a 
amu 
alera 
p-Xa10 
6eH30 









9THJIC 





noyya 
orasta 
HamMy 







acnap: 


(6) 


bras 
cykqM 
EMH 5 
caxapr 
HMI ¢ 

Kuedi 









_. 


46 Fi 
esters ¢ 
and Es 

47 Fp 

48 no, 

49 Fr 
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p-PenHetuyuH /p-phenetidine 
0-aHM3H{uH O-anisidine 
aHTpaHHI0Bad KucuoTa anthranilic acid 
p-aMMHO-OeH30liHaA KucIOTa p-amino-benzoic acid 
2,4,6-TpHOpom-anusuH 2,4,6-tribrom-aniline 
2,3,4,5-Terpaxuop-aHusuMH 2,3,4,5-tetrachlor-aniline 
2,6-quxsI0p-4-HuTpaHusMH 2,6-dichloro-4-nitraniline 
3-HuTpo-4-amuHodeHon 3-nitro-4-aminophenol 
3-HuTpo-4-uMeTHIaMHHOTOyORI 3-nitro-4-dimethylamino- 
toluene 
N-metTunayeto-o-anusuiun N-methylaceto-o-anisidine 


(3) NITROSO compouNDs (HutposocoeyquneHus) : 


HUTpOsOquMeTHIaMuH nitrosodimethylamine 

HuTposobeHs01 nitrosobenzene 

1-nuTpos0-2,3-oKcuHadToinaa 1-nitroso-2,3-hydroxynaphthoic 
KucuOTAa acid 
HUTPO30RMMeTHIAaHHIMH nitrosodimethylaniline 
deHuIHUTpOsaMuH phenylnitrosamine 

BUOJIYpOBaA KUCIIOTA \ violuric acid 
HUTposoOapOuTypoBad KucsIOTA nitrosobarbituric acid 


queTHI-HuTposamuyH diethyl-nitrosamine 
(4) NITRO compouNDs* (HutpocoequHenua): 


HuTpoMeTaH nitromethane 

TeTpaHutTpometaH tetranitromethane 

XJIOPHMKPHH chloropicrin 

HUTpOxJIOpomopM nitrochloroform 

HuTpodeHs01 nitrobenzene 
l-nuTpo-2,6-quxnop6exs01 1-nitro-2,6-dichlorobenzene 
TpHHUTpOTOyoR trinitrotoluene 

sTHIIHUTpOOBaA KucuoTa ethylnitrolic acid 


(5) amipEs (Amuyst): 


aleTamuy, acetamide 

6yTHpamuy \ J butyramide 

aMuy, MacuiaHoit’’? KucuoTH { \ amide of butyric acid 

noyamuys MasIoHOBOH KucuOTEI semiamideZof malonic acid 
(i. e., malonamic acid) 

nonyamuy’’ qHTapHoi!® KucuIOTEE semiamide of succinic acid 
(7. €., Succinamic acid) 

aMHj, AHTapHOi KucuoTEI amide of succinic acid 

(z. €., succinamide) 

\ { benzamide 


Oensamuy 
amuy, OeH30HHOi KUCIIOTEI 
OeH3samuquH 
amMuguH OeH30HHO KUCIIOTEI 
aletanumua acetanilide 
p-xulop-ayeTtaHusuy p-chloro-acetanilide 
Oex30cyubd@amuy benzenesulfamide 

t. é., C.H;SO.NH2 
eTucyubdamuy, ethylsulfamide 

1. @., C.H;SO.N H2 
nosyaMuy, @TasieBow KUCIIOTEI semiamide of phthalic acid 
drasiaMuHoBaA KucIOTA phthalamic acid 
quamuy tasesoi KucuoTE diamide of phthalic acid 
(. e., phthalamide) 


amide of benzoic acid 


benzamidine 
amidine of benzoic acid 


actlaparHH asparagine 
(6) iiss (Amun): 


orantumuy, phthalimide 
cyKOMHEMHT 
EMU, AHTApHOK*? KHCIIOTEI 


caxapuH saccharin 
EMU], OpTO-cymbpobens0HHOLt imide of ortho-sulfobenzoic 


succinimide 
imide of succinic acid 


KUCJIOTEI acid 





‘6 The improper use of the term, nutpo- (nitro-), in naming 
esters of nitric acid has already been mentioned in (J) ‘‘Ethers 
and Esters.”’ 

7 From macaio, fat, oil. 
‘8 nony-, semi-, must not be confused with nomu-, poly-. 
*’ From autapb, amber. 
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(7) DERIVATIVES OF UREA _ (II ponsBoqHEre 


MO4eBHHBI”) : 


moueBHHa®® urea 

MeTusIMoueBHHa®® methylurea 
aleTusimouebnHa®’ acetylurea 
TuomoyeBuHa®® thiourea 

Ouypet biuret 

ryaHHfuH guanidine 

cemukapOasug, semicarbazide 
uaHaMuy, +cyanamide 

KapOamMuHOBad KucuoTa carbamic acid 
ypetan urethan 

denustypetan phenylurethan 
oKcaslypoBad KucnotTa oxaluric acid 
ruyjaHTouHOBad KucuoTa hydantoic acid 
KcaHTuH xanthine 

teoOpomun theobromine 

ruyaHtoun hydantoin 

6ap6uTypoBaa KucuOT2 } { barbituric acid 
MaJIOHHJIMOUeBHHA malonylurea 


ryaHuH guanine 


oKcHy pau 
usobapbutypoBad KucIOTA 
IlypuH purine 

Tponun tropine 

ypagua uracil 
agimokcaH alloxan 
mapaOaHoBad KucnoTa parabanic acid 
quastypoBad kucwota dialuric acid 


hydroxyuranil 
isobarbituric acid 


(8) AMINO AcIDs*! (AMHHOKHCJIOTEI) : 


glycine 
glycocoll 


ruiMuH 
T'JIMKOKOJIII 
aMMHOyKcycHad yucuoTa 
METHJITIMKOKOIIII 
MeTHJIaMHMHOYKCycHad KUCIOTA 
capko3“uH 

denunrmukoKona phenylglycocoll 

ajiaHuH alanine 

denusiananuH phenylalanine 

cepuH serine 

TaypuH taurine 

smu3uH lysine 

neiiiHH leucine 
d-aMHHOU30KalpoHoBan a-aminoisocaproic acid 


aminoacetic acid 
methylglycocoll 


methylaminoacetic acid 
sarcosine 


KucsIoTa 
rlyTaMMHOBaA KucuoTa glutamic acid 
actiaparuHOBad KUCIIOTA aspartic acid : 
AMMHOAHTapHaA®? KucIOTA aminosuccinic acid 
ucteuH cysteine 
muctuH cystine 
THpOsHH tyrosine 
8-napa-oKcudenusI-a-aMuHo- B-para-hydroxypheny]-a- 
IpomMoHoBad KucsoTa aminoptopionic acid 
MeTHOHHH methionine 
BasimMH valine 


(9) DERIVATIVES OF HYDRAZINE AND DIAZO-COM- 
POUNDS (IIpoussogqHBIe rugpasHHa HW Has0coeMH- 
eHHA): 


yjMasomMetaH diazomethane 
MeTHIrufapsun methylhydrazine 
asoKkcuOeHs0 azoxybenzene 
aso6eH301 azobenzene 
rugpaso6en3s0x hydrazobenzene 
deriunrugpasun phenylhydrazine 
gdenusquasorugpat®® ‘‘phenyldiazohydrate” 
(i. e., benzenediazohydroxide) 





50 From moua, urine. 

51 The following list includes a few amino sulfonic acids. 

52 From sntTapb, amber. 

58 These two terms may sometimes be used interchangeably, 
when no distinction is made between diazohydroxide and dia- 
zonium hydroxide. Cf., Chem. Abstracts, 39, 5921. 
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amuHoas0beHs071 aminoazobenzene 
yMasoamuHobeH3s01 diazoaminobenzene 
oKcuas06eHs01 hydroxyazobenzene 

ruypatT oKncH ‘hydrate of oxide of 
denusquasonna®* phenyldiazonium” 

(t. e., benzenediazonium hydroxide) 
cuHyuasoruypaT syn-diazohydroxide 

cuHyuas0TaT syn-diazotate 

auTuyuasorugpat anti-diazohydroxide 

aHTuyuasotatT anti-diazotate 


(10) NITRILES AND 
H30HUTPHUJIBI) : 


ISONITRILES (Hutpuusr u 


aveToHutTpua acetonitrile 

mponmoHutTpus propionitrile 

HUTPHI AKPHIIOBON KUCIOTHI nitril of acrylic acid 
akPHJIOHUTpHII acrylonitrile 
WMaHnuCTE BUHYII vinyl cyanide 


MeTHJIKapOuJIaMuH \ { methyl] carbylamine 
H300MaHTHCTHI MeTHII methyl isocyanide 

(11) CYANATES AND THIOCYANATES (I]uanaTH u 
THommanate!): The use of “ester” terminology in 
naming cyanates, thiocyanates, and their corresponding 
isomers has been noted already in (J) “Ethers and 
Esters.” Attention is now directed to other alter- 
nate nomenclature, particularly to Russian use of 
ropunuHoe®™ macuo (literally, mustard oil) as a 
generic term for organic isothiocyanates. 
aJLIMJIO Boe ropumdHoe®4 ene { allyl mustard oil 
HB80POaHUCTH aI allyl isothiocyanate 


HUITOpunyHoe®* Maco phenyl mustard oil 
HUJIM3SOTHONMAHAT pheny! isothiocyanate 


denunguanar phenyl cyanate 
denusus0nuanat phenyl isocyanate 

(K) Sulfur Containing Compounds® 
cojep2kalomMe Coes uHeHHA): 

(1) THIOALCOHOLS (TuocnupTH) OR MERCAPTANS 
(Mepxkanransi): Russian terminology parallels closely 
corresponding English nomenclature. 

STHJIOBLIM MepKalTaH } { ethyl mercaptan 
STHIIOBHM THOCIUPT ethyl] thioalcohol 


THOmeHOII thiophenol 
denu0BEi MepKanTaH phenyl mercaptan 


OeHsnsI0BEIi MepKamTaH benzyl mercaptan 
(2) tvTHIoETHERS (Tuosdups)*® oR SULFIDES 
(Cynpdugs): Note that alternate nomenclature is 
often used. 


(Cepy- 


ethyl thioether 


STHIIOBLI THOSUp 
ethyl ‘‘thioester” 


STHJIOBLIM THOICTep 
cepHUCTEI 9TUII ethyl sulfide 
MeTHIICyIbpUuy diethy] sulfide 
8,6’-nuxnop-qusTuNI-cy Eur { 8,8’-dichlor-diethy]-sulfide 
POpunyHEIi*” ras mustard gas 
cepHuCTEi BUHEII vinyl sulfide 
BHHHJIOBLI THODPUp vinyl thioether 

(3) SULFONIUM COMPOUNDS (CyabdoHMesEie 
coenmuenua): The adjective, cympdounesniii, used 
in referring to sulfonium compounds, is derived from 
the noun, cymb@ounii, sulfonium. The nomenclature 





54 The adjective, ropumuustii, is derived from the noun, 
ropuuya, mustard. 

55 Cf., also (O) ‘‘Heterocyclic Compounds.” 

56 Sometimes also termed TuoscTepst. 

57 Not to be confused with ropawaHoe macs (mustard oil), a 
generic term for organic isothiocyanates. Cf., (J) (11). 
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of sulfonium compounds is analogous to that of corre- 
sponding ammonium compounds. 


XJIOpucTH TpuMeTuscynbponui trimethylsulfonium chloride 


THAPOOKHCh TPUuMeTHIICYJIb- hydroxide of trimethylsul- 
donna fonium 

rugpaT OKucH TpuMeTuiI- ‘thydrate of oxide” of 
cyuIbpoHua trimethylsulfonium 


cyabhuy TpustTuscynEponua sulfide of triethylsulfonium 
TPUMeTHIICYIbMOHMEBHI HCH trimethylsulfonium i ion 

(4) suLFoxipes (Cyupdoxcugs): The nomencla- 
ture of sulfoxides is based on that of the corresponding 
thioethers. 


OKHCh = eager dimethy] 
cympouna sulfide , 

OKUCh cepHUCTOrO oxide of methyl 1. €, (CHs)250 
MeTuJIa sulfide 


(5) suLFones (Cymdousr): Russian terminology 
for this type of compound requires no comment. 


MeTUIITUICyIb~oH methyl ethyl sulfone 
qudenuscyuppon diphenyl sulfone 


(6) SULFONIC acIDS (CysIbdoHoBEIe KHCJIOTEI): 
A sulfonic acid may be designated either as. cymbd- 
oKucs0Ta, sulfo acid, or as cybdoHoBaA KucJIOTA, 
sulfonic acid. 

MeTUJIcyIbpoKucIOTA } fret acid 
MeTHJICYIIbMOHOBAA KuCIIOTA methylsulfonic acid 


MeTHOHOBaA Kucu0Ta methionic acid 
BuHUICyIBmoKucIOTa vinylsulfonic acid 
Oenso-cynmbo-Kucn0Ta benzenesulfonic acid 
cynpomexouonas Kucnota phenolsulfonic acid 


cyibaHusi0Bad KuCIOTA sulfanilic acid : 
nlapa-aMuHobeHsosIcyIbpo- para-aminobenzenesulfonic 


KUCIIOTA acid 
(7) SULFINIC ACIDS AND THIOSULFONIC ACIDS 
(Cymb@unostie KUHCJIOTEE HU THOCYIbMOHOBEIe 


Kucu0TH): The derivation of the names of these two 
types of acids resembles that followed in naming sul- 
fonic acids, as shown by the following examples. 


MeTHJICYIb@uHOBAA KucuoTa methylsulfinic acid 
p-eHosIcyIbpuHOBAaAA KucIOTA 
p-peHoucy mbpuKucuoTa 

MeTHIITHOCYIbPOHOBaA KucyoTa methylthiosulfonic acid 


(8) MISCELLANEOUS: The prefix, tTuo- (thio-), 
may be used in a rather capricious fashion,® particularly 
in naming acids, as in the following examples: 


THoyKcycHan® Kucnota thioacetic acid, ¢. e., CH;COSH 
THOTIMKONOBAA KUCIIOTA thiog yottG seid 

t. e., HSCH 
THOMOIOUHAA®! KuCIOTA thiolactic me 

i. e., CH;CH(SH)COOH 
THOMaBereBaA®? KHCIOTA thiooxalic acid, t. e., HOSCCSOH 
THOCAIMIUIIOBAA KUCIOTA falcons acid 

4. @. “9 H,CO.H 

THOaATeTaIb_eruy Qicaettiddhede 
Tuoanetamun thioacetamide 
tTuobeHsodeHoH thiobenzophenone 
cepookucn yriepoya sulfoxide of carbon, 7. e., OCS 
THOOKUCh yruepona thiooxide of a 1. e., CS 
tuopocren thiophosgene, 7. e., CSC 


p-phenolsulfinic acid 





58 Cf., also (O) ‘‘Heterocyclic Compounds.” 
59 Cf., Chem. Abstracts, 39, 5897. 

60 From ykcyc, vinegar. 

61 From mogoKo, milk. 

62 From mabe, sorrel. 
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(L) Salts and Alcoholates (Comm u amkoromatsi): 

(1) satts (Comm): The names of salts in Russian 
are derived, in general, from the names of their parent 
acids and bases. In deriving the names of salts, the 
Russians may use various alternate methods, which may 
be summarized as follows. 

The first method makes use of adjectives®* based 
either (a) on the name of the acid involved (such as 
yKcycHbii or yKcycHoKucui, acetate, etc.) or (b) 
on the name of the salt-forming base (such as 
HaTpHesbii, sodium, aMMOHHeBEIi, ammonium, 
MMeTHJIaMMOHHeBEIi, dimethylammonium, _ etc.). 
When naming salts, such adjectives are used to modify 
a noun designating the other component of the salt, as 
is illustrated by the following examples. 


YKCYCHOKUCJIBI HaTpuit 
“acetic acid sodium’ 
(i. e., sodium acetate) 
IMABeJIEBOKUCIIBIM KasEyuit 
“oxalic acid calcium” 

(i. e., calcium oxalate) 
MyPaBbUHOKUCIIBI aMMOHU 
‘formic acid ammonium” 
(c. e., ammonium formate) 


6eHS0HHOKMCIEI 1MHK 

“benzoic acid zinc” 

(i. e., zine benzoate) 

JIMMOHHOKUCIIEI KOenH 

“citric acid caffein”’ 

(i. e., caffein citrate) 

cepHorucubii** arponuH 

“Sulfuric acid atropine’’ 

(i. e., atropine sulfate) 
XJIOPHCTOBOROPOAHEI UMeTHIIaMUH 
“hydrochloric dimethylamine”’ 
(i. e., dimethylamine hydrochloride) 
XJIOPHCTEIM TUMeTHIIaMMOHuit 
‘chloride dimethylammonium” 

(i. e., dimethylamine hydrochloride) 
XJIOPUCTHIK TpuMeTHIICy Epon 
“chloride trimethylsulfonium” 

(i. e., trimethylsulfonium chloride) 
xJIOpucTEI TeTpaMeTuspochonuit 
“chloride tetramethylphosphonium” 
(i. e., tetramethylphosphonium chloride) 
cepHucTEit®* qumeTasIaMMoHuit 
“sulfurous dimethylammonium” 

(i. e., dimethylammonium sulfide) 
cepHuCTOKuCIIBI FuMeTuIAaMMOHHt 
(“‘sulfurous acid dimethylammonium’’) 
(i. e., dimethylammonium sulfite) 
cepHokucuibii** 7uMeTHIaMMOHHi 
“sulfuric acid dimethylammonium” 
(i. e., dimethylammonium sulfate) 
XJIOpHCTHH denusquas0Hnit 

“chloride phenyldiazonium” 

(i. e., benzenediazonium chloride) 
XJIOpucTE p-Opompenusquas0nnt 
“chloride p-bromphenyldiazonium” _ 
(i. e., p-bromobenzenediazonium chloride) 


, 


Another method of naming salts makes use of two 





88 These adjectives may be formed with different suffixes to 
indicate different valence states either (1) of metals (e. g., 
*KeslesHE, ferric, axenesucTsit, ferrous) or (2) of acid-forming 
elements (e.g., cepHaa Kucyota, sulfuric acid, cepHuctaa 
KuacuioTa, sulfurous acid). For a discussion of this aspegt of the 
nomenclature of salts, reference is made to the third paper in this 
series entitled ‘‘Russian Inorganic Chemical Nomenclature” (2). 


64 Cf., footnote 63. 
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nouns, one in the nominative and the other in the 
genitive case. 


aleTaT HaTpuA 
acetate of sodium 

oKcaylaT KaJIbquAa 

oxalate of calcium 

@opMaT aMMuaka 

formate of ammonia 

xJIOpuy TPUMeTHIICY IEPOHUA 
‘chloride of trimethylsulfonium” 
(z. e., trimethylsulfonium chloride) 
xJIOpruypaT 7uMeTusiamMaHa 
‘‘chlorhydrate of dimethylamine” 
(t. e., dimethylamine hydrochloride) 
xJIOpuy, ]{uMeTHIaMMOHUA 
“chloride of dimethylammonium” 
(i. e., dimethylamine hydrochloride) 
OeH30aT WuHKa 

benzoate of zinc 


Note also that the name of a salt may sometimes con- 
sist of a compound adjective used to modify the word 
COJIb. 


yKcyCHOHaTpHeBan COJIb 
“acetic sodium salt’’ 

(zt. e., sodium acetate) 
INABeJIEBOKAJIbIMeBaAA COJIb 
“oxalic calcium salt” 
(i. e., calcium acetate) 
MYPaBbHHOaMMOHHeBAaA COJIB 
“formic ammonium salt’’ 
(i. e., ammonium formate) 
yKcycHomeslesHaA COJIb 
“acetic ferric salt” 

(z. e., ferric acetate) 
YKcyCHOmReMesMCTAaA COJIb 
“acetic ferrous salt?’ 
(i. e., ferrous acetate) 
YKCyCHOMe]{HaA COJIb 

“acetic cupric salt’ 

(i. €., cupric acetate) 


Various combinations of these methods of naming 
salts may be used as shown in the following examples. 


HATpHeBAA CONb YKcycHoit KuCIIOTEI 
sodium salt of acetic acid 
YKCYCHOKMCIaA COB HaTpuA 

“acetic acid _ salt of sodium” 

(i. e., sodium acetate) 

KaJIbIMeBAA COI MaBewesow KUCIIOTE 
calcium salt of oxalic acid 
MaBeIeBOKUCIAA COb KaJIbIWA 

“oxalic acid salt of calcium” 

(t. e., calcium oxalate) 

AMMOHMCBAA COb MYPABbMHOBOM KUCIOTEI 
ammonium salt of formic acid 
MYP&BbHHOKACIIBI AaMMOHU 

“formic acid ammonium” 

(i. €., ammonium formate) 

CePHOKUCIIAA COI MMeTHIaMMOHHA 
sulfuric acid salt of dimethylammonium 
(i. e., dimethylamine sulfate) 
XJIOPUCTOBOROPORHAA COIb TUMeTUIaMHHa 
hydrogen chloride __ salt of dimethylamine 
(t. e., dimethylamine hydrochloride) 


The adjectives Kucusii, cpeqHuii, and ocHoBHEI 
may be used to designate, respectively, acid, neutral, 
and basic salts. Each of these three adjectives may 
be combined with any of the names of salts discussed 
above. 
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KUCJIaA BUHHOKaJIMeBaA COJIb 
“acid tartaropotassium salt”? 

(i. e., potassium acid tartrate) 

cpey{HAA HaTpHeBad CONb dTasieBoi KUCIIOTEI 
neutral sodium salt of phthalic acid 
OCHOBHAA YKCyCcHO7KesesHaA COIIb 

“basic aceto ferric salt”? 

(i. e., basic ferric acetate) 


A few organic salts have trivial names, as for example: 


CBHHIOBLIN caxap 

“lead sugar” 

(i. e., lead acetate) 

BUHHBIM KAaMeHb 

“‘wine stone” : 

(i. e., potassium acid tartrate) 
CeTHETOBA COJIb 

Seignette salt 

mMeyIOBhIii®> KaMeHb 

“honey stone”? 
MeJIJINTOBOAJIIOMHHUEBAA COJIb 
aluminum mellitate 


(2) ALCOHOLATES (AjrKoroJIATHI): 
MeTHJIaAT HaTp 


uA 
methylate of pe sa i. €., CH;0Na 


sTHIIAT KaJInA : 5 
ethylate of potassium, 7. e., CAH;O0K 


cbeHonat py6uqua 
phenolate of rubidium, 7. e., CsHs;ORb 


mMukKpat KaJIbunA 
picrate of calcium 

(M) Compounds Containing Boron, Phosphorus, 
Arsenic, Silicon, Selenium, or Tellurium: Russian 
authors generally use structural formulas to avoid any 


possibility of misunderstanding when referring to- 


various less well-known compounds mentioned in this 


section. 
(1) BORON COMPOUNDS: 


tpustun6op  triethylboron, 7. e., (C2H;)3B 
apupat Tpexropucroro Gopa ‘‘etherate of trifluoroboron” 
t. @.,; (C.H;)OBF; 
Tpuusoamun6op trisoamylboron 
i. e., (is0-CsHi1)sB 
TpuTpetuunobytun6op _ tri-tert-butylboron, 7. e., [(CHs);C];B 
aByxx1opucTsi® d@enun6op phenylboron dichloride 
4. €. ’ C.H;BCl. 
metusju6opaH methyldiborane 
Tpumetusyuoopan trimethyldiborane 
MeTuu100pHad KucyoTa ‘‘methylboric acid”? 
zi. e., CH;B(OH). 
Oensu60pHan KuCIIOTA “benzylboric acid” 
1. é., C.H;CH,2 B(OH). 
]\M-p-aHusu00pHad KucuI0TAa , weer acid’? 
, (p-CH;0C.H,)-BOH 
‘‘phenylboric isobutyl ester” 
+. €., CsHsB(OC.H,-280) 2 


denusmeta6opat phenyl metaborate 
z. €., CeHsO 


denun6opHons0b6y Tun0BEIi bry 


(2) PHOSPHOROUS COMPOUNDS: 


metunocdun®’ methylphosphine 
Tpudexundochun®’ triphenylphosphine 
MeTHIJI-aTuII-peHus-pocpun®’ methyl-ethyl-phenyl-phosphine 





65 From men, honey. 

66 The masculine, nominative singular of this adjective 
is sometimes spelled y~ByxxnopucTnit and sometimes gBy- 
XJIOPHCTEIH. 

67 The term, ocdun, is also applied to certain acridine dyes 
which are quite unrelated to phosphorous-containing com- 


pounds. 
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ruypat okucH Terpametus- ‘‘hydrate of oxide of tetramethy]- 
dochonua phosphonium”? 
(t. e., tetramethylphosphonium hy- 
droxide) 
OKuCcb TpuMeTus-pochuna oxide of trimethylphosphine 
4. 6, (CH; 3 
MeTHJI-9TUI-peHus-pocmuH- methyl-ethyl-phenyl-phosphine 
okcuy, , oxide 
~ @y (CHs3) (C2Hs5) (CeH; )PO 
denus-hociunuctan KucsoTa " shamaaanaaainaie acid 
2. €., CeHsP(OH)." 
dbenus-aTu-pocpunoBad KucswoTa phenyl-ethyl- hosphinic acid 
4. :¢. *"y (CaH.) (CH, POOH 
‘‘monoethylphosphinic acid” 
(ethanephosphonic acid) 
2. €., CeHsPO(OH)2 
queTunociunonad KucIoTA diethyiphoaphonic acid 
s; é., (C2H;)2POOH 


MOHOSTHIPOCHUHOBAA KUCIIOTA 


(3) ARSENIC COMPOUNDS: 


MeTusiapcuH methylarsine 
]{uMeTUJIApCHH dimethylarsine 
ruypuy Kakoyusa “hydride of cacodyl” 
TpuMeTusapcuH trimethylarsine 
yudenusxsopapeuH diphenylchlorarsine 
ruypat oKucu Tetpametus- ‘‘hydrate of oxide of tetra- 
apconua” methylarsonium” 
t. e., tetramethylarsonium 
hydroxide 
‘radical of cacodyl” 
7. €., cacody! radical 


KakOMI0BaA KuCIOTA \ “cacodylic acid” 


payqukKaJl KaKOWMIA 


]{MMeTHIApCHHOBaA KuCcIOTA dimethylarsinic acid 
4. €., (CH3)2AsOOH 
OKuCb Kakogusa oxide of cacodyl 
xulopucTHi kakonus cacodyl chloride 
oTHJI-apcuHoBad KucsoTa ethylarsonic acid 
z. e., CoeH;AsO(OH)> 
deHusiapcuHoBad KucuoTa phenylarsonic acid 
+. é., C.H;AsO(OH): 
apcaHHJI0Bad KucuoTa arsanilic acid 
p-oKcueHusiapcuHoBaA a" taaaeeaeaaaanaes 
KucuIOTA acid 
apceHobex30 arsenobenzene 


(4) SILICON COMPOUNDS: 


CHJIMKOMeTaH silicomethane 
MOHOCHJIaH monosilane 
cuJIMKOsTaH silicoethane 
qucn1aH disilane 
cumkKonponaHn silicopropane 
TpucHIAH trisilane 
TPHXJIOPMOHOCHIIAH trichlormonosilane 
KpeMHexJIOpopopM silicochloroform 
kpemHnit aTuI siliconethyl 
‘2. , CoH,SiH; 

“silicotriethy]” 
t. e., (C2H;):SiH 
TPHITHIIITOKCHMOHOCHIIAH } {! triethylethoxymonosilane 


KpeMHUUTPHSTHII 


KpeMHuiiaTOKCUTpHOTHII ‘silicoethoxytriethyl” 
4. €. *y (C2H;)sSiOC.H; 
TeTpadenusicusaH tetraphenylsilane 
rekcametuugucuian hexamethyldisilane 
rekcaMeToKcuyucuian hexamethoxydisilane 
rekcaMeTOKCH]MCHIIOKCaH hexamethoxydisiloxane 

‘4, é., (CH;0);:SiOSi(OCH3)s 
cusImKoyKcycHas KucsIOTa ie ‘silicoacetic acid’? 
MECTHJICHIIMKOHOHOBaA KUCIIOTA methylsiliconic acid 


cusmkobens0#Han KucIOTAa “‘silicobenzoic acid” 
dbeHusIKpemMHeBad KuCIIOTA ‘‘phenylsilicic acid” 
i. €., CeHsSiOOH 


carborundum 


kKap6uy, KpemHuA } { carbide of silicon 


kapOopyHy 
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(5) SELENIUM COMPOUNDS: 


celeHucTEIi stu ethyl selenide 
aTusIceseHHHOBad KucnoTa ethylseleninic acid 
t. €., CoH;SeOOH 


MeTHJICeJICHOKUCIIOTA methylselenonic acid 
i. e., CH;3Se0.0H 


(6) TELLURIUM COMPOUNDS: 


TeslypuctHii stu ethyl telluride 
sTHJITeIIIIyPHHOBaA KUCIIOTA ofartiehrees. acid 
t. e., CoH;TeOOH 


MeTHJITEJIIIY pOKkucIOTA methyltelluronic acid 
zi. e., CH;TeO.0H 


(N) Metallo-organic Compounds (Meraszoopra- 
HHyuecKHe coequHeHHA): Russian authors generally 
use structural formulas when referring to the more 
complicated or less well known metallo-organic com- 
pounds, thus avoiding any possibility of misunder- 
standing. 


TpuMetTusamiomMuHHit trimethylaluminum 
MeTOKCH]{UMeTHJIaJIOMHB Ht eG a 
4. e., CH;0(CH 
ByXxJIOpHCcTEi henmnamomunnit. siesesien ote dichloride 
4. 6 '’y CeH;AICl. 

Tpi-a-HadTuuamiomMunni = tri-a-naphthylaluminum 
MarHuiiOpomexust 
6pomucTEit denuMarnnit 
MarHuiimoyuponun propylmagnesium iodide 
quHkuonaTuI ethylzinc iodide 
TeTpasTuicBuHer ® 
cBuHenTeTpastun® + tetraethyl lead 
IIyMOTeTpasTHII 
TeTpaeHUsIOIIOBO®* 
onoBnotetpadenum®? } tetraphenyltin 
cTAHHTeTpadeHuJI 
WWHKMpOMMI 
QWHKuMponn 
uoTHIpTyTh” 
pryTbqueTun”? 
HaTpuiimetum methylsodium 
HaTpuiiMasOHOBEI apup sodium malonic ester 

t. e., NaHC(CO2C2Hs)2 
rap6u Kanbyua carbide of calcium 
alleTHJICHHCTAA Me]b “acetylenic copper” 
alleTHjieHuy, Mey{u acetylide of copper 
alleTusleHuctToe cepebpo “acetylenic silver” 
alleTusieHuy, cepedpa acetylide of silver 


phenylmagnesium bromide 


} dipropylzine 


} diethylmercury 


(O) Heterocyclic Compounds (Terepouunsuueckue 
coey{HHeHUA) : 

(1) PARENT compouNDs: Note the close parallel 
between terminology used by Russian and English 
speaking chemists. 


mupasommH pyrazoline 
mupaH pyran 
nupuyasun pyridazine 
mupuMuyuH pirimidine 
muppom pyrrole 
muppomuaun pyrrolidine 
muppommH pyrroline 
tuasom thiazole 
TuomopdomnH thiamorpholine 
tuodeH thiophene 
dypan furan 

xHHOIMH quinoline 
xpomaH chroman 


akpuyuH acridine 
quoKcaH dioxane 
HU80XHHOIMH isoquinoline 
uHon indole 
umuyason imidazole 
KapOasom carbazole 
mMoposzmH morpholine 
oKcaso oxazole 
numepasuH piperazine 
unepuyuH piperidine 
nupuyuH pyridine 
mupasHH pyrazine 
mupasom pyrazole 





68 From cpunen, lead. 
69 From omoso, tin. 
70 From ptytTb, mercury. 
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(2) MISCELLANEOUS DERIVATIVES: Although in gen- 
eral Russian terminology of the more complicated hetero- 
cyclic compounds follows familiar paths, care is some- 
times required when interpreting Russian numbering 
of ring positions, as is pointed out in the final section 
of this paper. 


TeTparuypous0xuHonuH tetrahydroisoquinoline 
a-MeTusTuodeH a-methylthiophene 
a-mKomuH a-picoline 

8-nuxonun -picoline 

Y-lukouH ‘Y-picoline 

3-meTuu-4-aTumuppom 3-methyl-4-ethylpyrrole 
ckatom skatole 
CHMMeTPHYHEI TpuMeTHII- 
nMupuyquH 


symmetrical trimethy]- 
pyridine 

(é. é., 2,4,6-trimethylpyridine) 

dypunossrit cnupt furfuryl alcohol 

a-oKcumupuyun a-hydroxypyridine 

mupasou0H pyrazolone 

a-IIMpoH a-pyrone 

‘-mpoH ‘Y-pyrone 

2,6-qumetus-y-nupoH 2,6-dimethyl-y-pyrone 

1-henus-2,3-numetun- 1-pheny]-2,3-dimethyl- 
mMpasoJI0H pyrazolone 

@ypdypon furfural 

usaTuH satin 

uuyoKcum indoxyl 

@izasou flavone 

xpomoH chromone 

M30HHKOTHHOBAA KucIoTa isonicotinic acid 

HUKOTHHOBaA KucIOTa nicotinic acid 

MMKOUMHOBAA KuCIOTA } picolinic acid 

a-nupuyMHKapooHoBad KucIOTAa a-pyridinecarboxylic acid 

IMHXOHMHOBAA KUCIIOTA \ fcinchoninic acid 

-xHHOMHKapooHoBad KuCIOTA f ‘Y-quinolinecarboxylic acid | 

Tmupocmsenaa’! KucwoTa pyromucic acid 

WHOKcHIOBaA KucszoTa indoxylic acid 

XHHOJIMHOBaA KucOTa quinolinic acid 


(P) Miscellaneous Substances: 

(a) SUGARS AND PRODUCTS OF THEIR OXIDATION AND 
REDUCTION (CaxapbI H MpOwyKTEI HX OKHCJICHHA H 
BoccTaHopsieHua): Note that the scientific names of 
sugars, as listed, end in -o3a (suffix -03- and case ending 
-a), while the names of sugar alcohols end in -ut (no 
case ending as listed). For the most part, however, the 
Russian terminology of sugars and their simple de- 
rivatives follows the familiar pattern. 


C; Sugars and Derivatives 


rumyeposa_ glycerose 

quoKcuayeToH dihydroxyacetone 
IyIMepHHOBLI aubyeruy glyceric aldehyde 
rauyepuH glycerol 

rymepuHoBad KucuoTa glyceric acid 
TapTpoHOBad KucsoTa tartronic acid 


C, Sugars and Derivatives 


sputTposa_ erythrose 

Tpeosa_ threose 

asputput-= erythritol 

SPHUTpoHOBad KucuoTa erythric acid 
BUHHaA KucoTa tartaric acid 


C; Sugars and Derivatives 


apaOuHosa arabinose 
Keus103sa xylose 
pu6osa_ ribose 
gmmKcosa_lyxose 
apadur arabitol 
Kenut xylitol 





71 From cum3b, mucus, slime 
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ajonut adonitol 

ana6onospaa KucnoTa arabonic acid 

KcuJIOHOBad KucuoTa xylonic acid 

pu6oHopas KucnoTa ribonic acid 

jmmkcoHoBad KucnoTa lyxonic acid 
TpuoKcurayTapoBad Kucuota trihydroxyglutaric acid 


C. Sugars and Derivatives 


d-ppykTosa d-fructose 
IJIOWOBEI’? caxap 

jleBysiesa 

d-rym0kK03a 
BuHOrpayHEi”® caxap 
qekcTposa 

MaHHOsa mannose 
yuyjo3a idose 
ragiakTosa galactose 
rasiosa_ talose 
asiosa_ allose 
cop6ur sorbitol 
MaHHUT mannitol 
ugutT iditol 
nyspuut dulcitol 
Tamut  talitol 
rynOKOHOBaA KucuoTa gluconic acid 
MAaHHOHOBaA KucOTa mannonic acid 
uqOHOBaA Kucuo0Ta idonic acid 

rajyIakTOHOBaA KucuwoTa galactonic acid 
TajIoHoBaA KucyoTa talonic acid 

ajimoHoBad KuczIoTa allonic acid 
ruuwokypoHoBad KucnoTa glucuronic acid 
MAaHHYpOHOBaA KucOTa mannuronic acid 
raylakTypoHoBad KucyoTa galacturonic acid 
caxapHas Kucuota saccharic acid 
MaHHOCaxapHad KucuoTa mannosaccharic acid 
yuyocaxapHad KHCIIOTA idosaccharic acid 
cmuseBan’ KucioTa mucic acid 
TayiocnuseBan’* KucuoTa .talomucic acid 
asmocuuseban’* KucoTa allomucic acid 


‘fruit sugar” 
levulose 
d- glucose 
grape sugar 
dextrose 


Miscellaneous 
pamHosa rhamnose 
pamuut rhamnitol 
MAJIbTO3a 
couoyoBbrit’® caxap 
aKTO3a 
MOJIOUHEI”® caxap 
caxapo3a sucrose 
TPOCTHHKOBLIM” caxap cane sugar 
CBeJIKOBUYHEI’® caxap beet sugar 
caxapat saccharate 


} { maltose 
malt sugar 
} { lactose 
milk sugar 


(b) ALKALOIDS (AuKazongE): Russian terminology 
of alkaloids is easily understood once the alphabet has 
been mastered. 


aHaOasHH anabasine 
aTponun atropine 
6pynuun brucine 
KoyeuH codeine 
KoKaHH cocaine 
KOHMMH coniine 
Kodeuu caffeine 
arynmunH lupinine 
—— \ morphine 
HUuKOTHH nicotine 
omui opium 
nuokapmun pilocarpine 
cTpuxHuH strychnine 





72 From nog, fruit. 

73 From sunorpag, grapes. 

74 From cuusb, mucus, slime. 
75 From couoy, malt. 

76 From mowioko, milk. 

77 From TpocrTHuk, cane, reed. 
78 From cpesrka, 
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teoOpomun theobromine 
TpaxeaHtamuH trachelanthamine 
TpaxezaHTuH trachelanthine 
XHHUHH quinidine 

XHHUH quinine 

MHXOHHH cinchonine 


(c) ESSENTIAL OILS (QdupHEie Macia): The names 
of essential oils usually involve a Russian adjective in- 
dicating the source. 


jtmMoHHOe”? Maczi0 «(oil of lemon 
llepeaHo-MaTHOe* macsio oil of peppermint 
myckaTosoe®! macuo oil of nutmeg 
TMuHHOe® maci0 oil of caraway 
TepleHTHHHOe MACJIO 
(**MBU4HBIM) cKuNMAAp 


OepramoTHoe Maco oil of bergamot 


\ oil of turpentine 


(d) Farry ors ({Kupusie Macaa): Russian names 
for fatty oils usually involve adjectives, often derived 
from Russian roots, which indicate the source of such 
oils. 


KacTOPOBOe MacJIO 
KylemjeBuHHoe®* MacsIo0 
TYHTOBOe MACJIO 
KuTaiickoe®™ zpeBecHoe® macJ10 
JIbHAHOBOe*S Maco linseed oil 
MakoBoe*’ maciio poppy-seed oil 
OJIMBKOBOe MacyI0 (Olive oil 
llaJIbMoBoe Maco =ppalm oil 
XAYJIBMyrpoBoe MacJIO 
yayJIMyrpoBoe MacsIO 
olTuKOBOe Maco Oiticica oil 
xJIOMYaTHHKOBOe®® MacsI0 
xjlomkKoBoe®® macj10 


\ castor oil 
} { tung oil 


China wood oil 


\ chaulmoogra oil 


} cottonseed oil 


(€) HIGH MOLECULAR CARBOHYDRATES (BsICcOKO- 
MOJIeKyJIApHbIe yrsiepoyb): A few words are en- 
countered here, e. g., KpaxMag, starch, which have 
no English cognates. 


KleTUATKA 

a} cellulose 
rugponemmon03sa hydrocellulose 
asikasunemmon03sa alkali cellulose 
BuCcKO3sa viscose 

MSKYCCTBeHHHI mek artificial silk 
nemsojan ‘‘Cellophane” 

viscose silk 
rayon®® 


BHCKOSHEIM MIeJIK { 


HUTpOKIeTuaTKa 
HUTPOTeJIIOII08a 
nemmonony celluloid 

6esqbrMHEri®? nopox smokeless powder 
MeTusIes07108a methy! cellulose 
eTugemn0I03a ethy! cellulose 
Oexsusmensm0n08a benzyl cellulose 
aleTusmemmos1022 acetyl cellulose 
alleTaTHE mem acetate silk 
KpaxmMag starch 

amusionekTuH amylopectin 


} nitrocellulose 





79 From gmmmou, lemon. 

80 From nmepewHbiii, peppery ; MATa, mint. 

81 From myckat, nutmeg. 

82 From TMuH, caraway. 

83 From knemesuna, castor-bean plant. 

84 From Kurtaii, China. 

85 From yepeso, wood. 

86 From sien, flax, linen. 

87 From mak, poppy. 

88 From xgiomok, cotton. 

89 Note that the Russian word, pation, means “‘region ” 
‘district.’ Cf., French ‘‘rayon.” 

90 From yum, smoke. 
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amusio3sa amylose 

KpaXMaJIbHbIt Kulelictep starch paste 
yexcTpuH dextrin 

pacTBOpHMEI Kpaxmas soluble starch 
ruukoren glycogen 

nuyiHH inulin 

remunesos103a hemicellulose 
apaOulickad KaMeqb gum arabic 
arap-arap agar-agar 

TparaHT 
TparakaHT 


\ gum tragacanth 


(f) tvTERPENES (Tepmensi): Russian names for ter- 
penes and closely related compounds present no spe- 
cial difficulties for English-speaking chemists. 


7 
CH; 
\ 
1 
HAG 2CHe 


H2Cs 3CHz 
sf 
CH 
bas 
9% \10 
CH; CH; 


MeHTaH menthane 


A} 8 (°) menrayueH \ { Fans menthadiene 
JIMMOHeH limonene 
TepnMHOIeH terpinolene 
CHJIBBECTpeH silvestrene 
kKapBecTpeH carvestrene 
MeHTOJI menthol 
MeHTOH menthone 
TepmuHeod terpineol 
MHeH pinene 
dopHuIeH bornylene 
OopHeos borneol 
Kam@opa camphor 
(eHXxOH fenchone 
ryleron pulegone 


(g) prorerns (Benxu or IIporenust): Aside from 
a few words derived from Russian roots, the terminol- 
ogy of proteins consists of easily recognized cognates. 


ambOymunH albumin 

AWUHEH! anbOymMun egg albumin 
ruo6ysux globulin 
HyKIeoabOyMun nucleoalbumin 
npoteuy, proteid 

remorm06uH hemoglobin 
rmokompoteuy glucoproteid 
HyKueonpoteuy nucleoproteid 
doehonpoteug, phosphoproteid 
u6pun fibrin 

KaseHH casein 

amactuH elastin 

ckneponpotenH scleroprotein 
dudpouxn fibroin 

ructon histone 

npotamuH protamine 

KoareH collagen 
kieikoBuHa®? gluten 

KepaTuH keratin 
poroBoe®’ BemecTBO horn substance 


(hk) ENZYMES (9H3uMEI): The Russian names for 
enzymes are substantially identical with those used in 
English. 





91 From siimo, ees. 
%2 From rue, glue. 
83 From por, horn. 


Katayiasa catalase 
jIaktasa_ lactase 
Jmmmasa . lipase 
okcuyaasa Oxidase 
caxapasa sucrase 
ypeasa urease 
dymapasa fumarase 
newnoasa cellulase 
mutTasa cytase 
aMysIbCHH emulsin 


amusiasa amylase 
aHrugpasa anhydrase 
apruHasa arginase 
aciaparHHa3sa asparaginase 
6yTupasa butyrase 
ructamuHasa histaminase 
ructugasa histidase 
quactasa diastase 

3HMa3a zymase 
wHBeptTasa invertase 


(t) pyres (Kpacutenn): Understanding of dyestuff 
terminology is facilitated by noting the following 
adjectives: 


OpaHxeBLI orange 
npownnit fast 
mpamoi direct 
posopniit pink 
epeTab light 
cephii gray 
cuHui blue 
TeMHEI dark 
Typnenkni turquoise 
g@uonetosrri violet 
yepHitit =black 
sapkuit bright 


abi scarlet 
OpusmantTosHit — brilliant 
riyOokui deep 
rosy6o% blue 
meITH yellow 
seJIeHEI green 
souoTuctni golden 
KHCIIOTHH acid 
KopuuHesrit brown 
KpacHpit red 
HeOecHEmt sky 
OIMBKOBEI Olive 


These adjectives are used in naming dyes as illus- 
trated by the following examples. Note that, in some 
cases, the dyestuff name consists of two or more ad- 
jectives. 


*KEJITHIM XMHONMHOBLI Quinoline Yellow 

MeTHJIOBLI @uoneTrosni Methyl Violet 

HHyaHTpeH OpusuantToBEi Indanthrene Brilliant 
3eJICHBIi Green 

HHaHTpeH UpAMO yepHE Indanthrene Direct Black 

aypamun G Auramine G. 

azn Gu6puxckui Biebrich Scarlet 

cepHuctiiit uepHErt Sulfur Black 

HHaTpeH KopuuHeBEi Aa Indanthrene Printing Brown 
neyaTKu*! RRD RRD 

pogamun GG Rhodamine GG 

KUCJIOTHEIM NpOunb vepHErt Fast Acid Black 

s03nH Eosine 

HHAUTOSOIb 300TUCTO-KeITH® Indigosol Golden Yellow 

jletKOOCHOBaHHe MasiaxuToBoro leuco base of Malachite 
seJIeHOrO Green 


(j) RESINS, RUBBER, AND RUBBER-LIKE POLYMERS 
(Cmomn, KayayK H Kayu4yKnoqo0HBIe mojMMephi): 
Foreign trade names, e. g., OyHa, “Buna,” are en- 
countered frequently. 


— >} 
Kay4yk rubber 
6yHa ‘‘Buna” 

nepOyHa ‘‘Perbuna” 

nep6yHa sKcTpa ‘‘Perbuna extra” 
xmopompen ‘‘Chloroprene” 

copmpeH ‘‘Sovprene”’ 

ommaHon ‘‘Oppanol” 

BuctaHekc ‘‘Vistanex’”’ 

nomu6ytex polybutene 

Oakemut ‘‘Bakelite”’ 

Halton ‘‘Nylon” 

Koposum ‘‘Koroseal”’ 

nowMBuHuIXIOpu“A polyvinylchloride 
NOJIMBUHUIIOBH cuupt polyvinyl alcohol 
NONMBHHUAaneTan polyvinylacetal 


(k) prERoxipEs (IIepexucu): Note the use of nouns 
in the genitive case, such as aneTusia, whose nomina- 
tive case is alleTHJI. 





94 Note the phrase, 414 neuatKu (for printing). 
9 Here somoTucro-xenTEi is a compound adjective. 
%6 The Russian word for resin is cmosta. 





64 


Tepekucb WuetTusa peroxide of diethyl, 7. e., CAH;00C2Hs 
mepekucb aneTusa peroxide of acetyl, 7. e., (CHs;CO)202 
mepekucb Oensousa peroxide of benzoyl, t. e., (CeHsCO)202 


TepeKuch aleTust-Oexsousa peroxide of acetyl-benzoy], 7. e., 
C.H;COO.COCH; 


HaylykcycHaa®”’ Kucu0Ta peracetic acid 
ruyponepeKuch aljeTusia ‘hydroperoxide of acetyl” 


RING POSITION NOMENCLATURE 


In designating ring positions in aromatic and hetero- 
cyclic compounds, the Russians use numbers, letters of 
the Greek alphabet and the designations, oprTo- 
(ortho-), Meta, (meta-), mapa- (para-), or their corre- 
sponding abbreviations, o-, m-, p-.°* As a consequence, 
the Russian nomenclature of both simple and compli- 
cated cyclic compounds closely parallels, for the most 
part, that commonly used by English-speaking chem- 
ists. This is illustrated by the following examples: 
2’,4’-mumeToKcu-4-HuTpocTusmBoen®® 
2’ ,4’-dimethoxy-4-nitrostilben 


p, p'-tuamMuHo-beHs0meHou*® 
p,p'-diamino-benzophenone 


2-nadTunamuH-3,6-qucymbpoHatpuesad!”? comb 
2-naphthylamine-3,6-disulfonic (acid) sodium salt 


N-6exns0n0-G-nadTusamMua 
N-benzoy]-6-naphthylamine 

9,10-qucepHErit acTep jeiKo-2-amMuHO-aHTpaxuHoHa 
9,10-disulfuric ester of leuco-2-aminoanthraquinone 


4,5,8,9-nn6en3nuper-3, 10-xuHOH 
O O 
Va 
10 3 
tae 
4,5,8,9-dibenzpyrene-3, 10-quinone 
4,10-nu6en30u1-3,9-—n6pom-nepuseH 


\ 7} 2 
res 


4,10-dibenzoy]-3,9-dibromo-perylene 
xHHOMH-2,3,4-TpukapboHoBad KucuIOTA 


\/")—cooHn 


ry 4 »—COOH 
COOH 
2,3,4-quinolinetricarboxylic acid 
4-meTusi-6-xsIop-KyMapuH 


4-methy]-6-chloro-coumarin 





87 From yxcyc, vinegar. 

%8 Sometimes the Russian italic letters, o-, m- and n-, are 
used as abbreviations for ortho-, meta- and para-, respectively. 
Difficulty may be encountered unless it is realized that n- is 
the Russian italicized letter corresponding to our p-. 

99 Russian use of the hyphen in naming organic compounds is 
capricious. 

100 See (L) (1). 
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7,8-qnoKcu-4'-meToKcu-1aBoH 
OH a 
HO—(*\/ in", 5, DOCH: 
6 | 43 ' 
5 Nez 
O 
7,8-dihy droxy-4’-methoxy-flavone 
5-6pom-2,4-nuMeTusTHa30J1 
Br—CH—S 


cu—ty o-CH, 
\7 


5-bromo-2,4-dimethylthiazole 
1,4,8-rTpumMeToKcu-KcaHTOH 


CH;O O - OCH; 


1,4,8-trimethoxy-xanthone 
2,6-qumeTusI-3-alleTOXpoMOH 


7 . \_cH, 
O 


2,6-dimethyl-3-acetylchromone 


The examples given above illustrate the close simi- 
larity in methods used by the Russians and ourselves 
in designating ring positions. It should be noted, how- 
ever, that the Russians may not always assign the same 
numbers as we ordinarily do to some or all of the ring 
positions in various compounds, as is illustrated by the 
following examples, in which the ring numbering shown 
by the structural formulas is that sometimes used by 
Russian authors. 


'-aMMHO-2-(beHusJI-7-MeTUJI-OeH3THAa30I1 
NH, 


S 
." én va 
Vy “47 
£ 4 


CH; 
2’-amino-2-pheny1-4-methy]-benzthiazole 


1,4,8-rpuMeToKcu-THOKCaHTOH 


OCH; OCH; 
- a 


7 * < 
LW 
Jes 
1,4,9-trimethoxy-thiaxanthone 
12-amuno-s1yopaHTeH 


ll 


rye 


8-amino-fluoranthene 





JANUARY, 1947 


6,7-OeH3nHO-5’-oKcu-4’-KapOoHoBan KucuIOTA 


BN ose 
5 | 3 


6 2 
7 1 
, 
2 ‘Sn a 
H 


, , 
HO—*,,? 


COOH 
7-hydroxy-1-benz[g]indole-8-carboxylic acid 


Occasionally, the Russians may use different words 
than we ordinarily do in naming cyclic compounds, as 
is shown by the following examples. 


TpuMetusex-1 ,3-qucyuEpuy 
CH.—CH, 


S 
ae 
CH: 
‘trimethylene-1,3-disulfide™ 
4,5-dihydro-1,3-dithiolane 


THO-§-uHadTusaMuH 


foe 8) ue 


SASS 


ue ie 
‘‘thio-6-dinaphthylamine”’ 
7-benzo[c,h]phenothiazine 
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* ANOTHER LABORATORY WEDDING 


Ons of the most delightful and prepossessing wed- 
dings of the current season took place behind the stately 
fractionating columns in the old stillhouse when Miss 
Chlora Acetyl Chloride of the Main Line entered into 
wholly double bonded union with Ben Z. Drine, scion 
of the long-chain compounds. E. Normous Pressure, 
pH.D., B.T.U., officiating, assisted by Sulfa Pyra, Dean 
of the Unitversity. 

Before the cericmono a solo was rendered by Earl N. 
Meyer, titled ‘‘Rustle of Spring Tonic” by McDowell- 
pin, accompanied in the organic reaction by Nick Rau- 
chen. Later a duet by Miss Florence Flask and Miss 
Ethyl Bromide, titled “Anode to a Wild Oil of Rose,” 
accompanied by Kathrine (‘‘Kat”’) Tallysis (a platinium 
bond), was rendered caput mortuum. 

To the tune of ‘Sweet Iodine” the bridal couple 
entered through a pyrex funnel (the passages being 
cleared by E. Fred Drine and Effie Drah). The bride, 
on the arm of her father, Ben. Zal D’Hyde (who carried 
two Fisher Pistols), was accompanied by the twin 
bridesmaids Ethyl and Methyl Alcohol, as the organ 
softly played ‘‘Azole O’Mia”’ from the Saccharine Suite. 
She wore a nylon dress (325 mesh) of sheer audacity 
which belonged to her mother Liquors, a necklace of 
Borax beads, rayon hose to match the groom’s asbestos 
gloves, and a veil of secrecy with accessories to Safety 
match. She carried a huge bouquet of flowers of sul- 
fur with a tincture of lavender tied with a brilliant mag- 


nesium ribbon, two carbon, three hydrogen, and five 
war bonds. Preceding were the flour girls (enriched) 
Opa and Bewon, the priority sisters. 

The groom, on his ko-cane, was accompanied by his 
pal Ladium and by the Murky Captains, according to 
the law of definite proportions. Arthur Mometer 
checked each reaction and sent a grade far in height. 
His breath was in short pants, his overcoat in hock, and 
his friends in stitches. The groom had never benzoic 
cited. 

They were met at altar by Rev. Erse Action, who 
used the double benzene ring ceremony from the rubber 
handbook. The bride was given away by C. R. Price- 
Lizst as the Planning Department chorus sang “Oh 
Promise Me” by Friday. Little Millie Meter was the 
ring bearer. It was the finest wetting that had ever 
benzine. 

Following the ceremony the couplings left for an ex- 
tended tour of the wholesale houses via shipping, after 
which they will make their home at Apothecaries Cor- 
ner. 

The out-of-town guessers were Mr. Ball Mills and 
Miss Violet Wray of Nela Park, Miss D’Trane and Miss 
D’Boat of the Hoboken Ferry Command, Sir Loin and 
T. Bone Steaks of Armours Cut, ‘“‘Red’’ Doyle of San- 
dalwood, Bill Meforrit of Chargit, N. C.,S. P. Gravity, 
C. C. Burette, Brome O’Seltzer, and Murray Q. Ful- 
minate—all out of control. 





e Magnesium Alloys 


Some interesting comments on magnesium alloys 
were made a short time ago by Dr. J. D. Hanawalt of 
the Dow Chemical Company: 

Mg-Ce alloys possess greater creep and fatigue 
strengths at high temperatures than do standard mag- 
nesium alloys. This should serve to extend the field of 
magnesium alloys into higher temperature applications 
in super-chargers, compressors, pistons, etc. Forged 
Mg-Ce alloys were in use in Germany on the BMW 8 
01D engine during the war. 

Zirconium is an interesting element in magnesium and 
will undoubtedly find a place, particularly where high 
strength is desired. In Germany zirconium was early 
introduced and its effects noted in the laboratory, but 
no commercial use had been made of Mg-Zr alloys. 

Mg-Li alloys promise a combination of properties of 
high strength, ductility, and reduction in area, which 
is unique in the magnesium base alloys. Other inter- 
esting elements are thorium and beryllium. The future 
will undoubtedly bring some improved and higher prop- 
erties through the use of alloy compositions not now 
developed. 

A Mg-one-per-cent-Zn alloy has the advantage that 
it is an easy alloy to make in the first place and gives in- 
dications that it may be able to maintain this economic 
advantage through subsequent processing steps in the 
wrought metal operations. Mg-one-per-cent-Zn may 
provide us with the most economical alloy. We should 
always pattern the material to the service needs, and 
there are many applications for which higher strength 
alloys are not necessary. 


@ Chlorine 


A series-type cell for producing chlorine commercially 


was developed by the Germans during the war. The 
cell electrolyzed hydrochloric acid obtained as a by- 
product from an organic chloride manufacturing proc- 
ess. 

The cell, similar in construction to a filter press, con- 
tains 30 unit cells in series. It operates at 1000 am- 
peres and 2.3 volts per unit cell. A bipolar graphite 
slab set in a Haveg frame forms the cathode. The 
anode consists of fine graphite particles held between a 
bipolar graphite slab and a diaphragm of polyvinyl 
chloride cloth. The particles are replenished about 
every three months. 

Hydrochloric acid of 32 per cent strength enters the 
cell at room temperature and leaves it, diluted to 10 
per cent, at 80 to 90°C. It flows through the cell units 
by way of canals in the connecting walls. The chlorine 
is drawn off through similar canals near the top of one 
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i 
side wall, and the hydrogen, through the top of the other 
side wall. 


Electromagnet 

An electromagnet so powerful that the operator must 
stay at the controls four yards away when it is at peak 
operation, in order to avoid having his pockets picked, 
has been developed by the Westinghouse Research 
Laboratories. It is an oil-cooled, one and one-half 
ton, iron core electromagnet wound with 6000 turns of 
square copper wired and tipped with a special magnetic 
alloy. 

The magnet, five feet long and two and one-half feet 
high, has adjustable poles so that specimens from one 
and one-half to 12 inches may be attracted, and is 
capable of exerting a concentrated 4000 pound pull—a 
force strong enough to make possible new studies in 
magnetism. 

One secret of the high magnetism produced is the 
special alloy tips. The variation in the gap between 
poles is accomplished by the use of adjustable tapered 
pole pieces. This feature adds immensely to the ver- 
satility of the magnet. 

The new magnet can be used as an aid to the design 
of cyclotrons, for the production of small permanent 
magnets that will make possible smaller and lighter 
aircraft instruments, and as a fundamental research 
tool for the study of the relationship between the crys- 
tal structure of metals and their magnetic properties. 


Plastic Screens 
Window screens made from vinylidene chloride plas- 
tic and phenolic resin-coated glass fabric were found to 
be more durable than metal or nylon screens in tests by 
the U.S. Army Engineer Board. 

Bronze screening coated with a rust-resistant paint 
proved best among the types of metal screens tested. 
Uncoated vinylidene chloride and coated glass cloth 
screens stood up satisfactorily under six tests: accel- 
erated weathering; salt spray; immersion in five per 
cent salt water; immersion in distilled water; exposure 
to outdoor weather; and exposure to heat, humidity, 
and fungus growth in a chamber simulating tropical 
conditions. Nylon screens also were durable, except 
for greatly increased brittleness after only 3000 hours’ 
exposure to the accelerated weathering test. 


Fluid Catalyst 
The economic significance of the fluid catalytic- 
cracking process of oil refining as improved since the 
war to its present most advanced state is considered in 
a new brochure, ‘‘Fluid Progress,” just published by the 
M. W. Kellogg Company, petroleum engineers, of Jer- 
sey City, New Jersey, and New York City. 





JANUARY, 1947 


8 Powder Metallurgy 


The field of powder metallurgy may be broadened 
through the wartime discovery that nonflowing, finely 
divided metal powders can be made to flow by water- 
proofing the individual particles, according to a U. S. 
Army research report. 

Condensation of moisture on metal particles causes 
them to flow slowly or erratically, and in some cases 
not at all. For the experiments on this problem a 
thin, waterproof film was deposited on the individual 
particles of a nonflowing iron powder by treating them 
with a vapor of methyl chlorsilanes. 

The iron powder was one of the most finely divided 
metal powders available and typical of the powders 
generally considered unsuitable for powder metallurgy 
because of their poor flow rate. However, after treat- 
ment with methyl chlorsilanes, the zero flow rate rose 
to 80 per cent of that of a standard silicon carbide 
powder. 

No impairment of mechanical properties was found 
in bars pressed from the waterproofed powder at 150,- 
000 pounds per square inch and sintered at 1100°C. 
The methyl chlorsilanes film was too thin to be de- 
tected by chemical analysis and did not appear to pre- 
vent diffusion and bonding during sintering. 

Increased fluidity of the waterproofed particles 
caused a slight rise in the apparent density of the iron 
powder. This characteristic of the treated powder 


should permit the use of shallower mold cavities and 


facilitate uniform filling of complicated molds. 

Another possible advantage of the waterproofed 
powder is that it may be able to withstand long storage 
without suffering deterioration from atmospheric con- 
ditions. Powder storage is a major problem of the 
metal powder industry. It is also possible, according 
to the report, that the tendency of very fine powders to 
burn or explode upon contact with air may be checked 
by the methyl] chlorsilanes treatment. 


e Glass Blowing 


A new, 1946 edition of the booklet by Corning Glass 
Works (Corning, New York) entitled ‘Laboratory 
Glass Blowing with Pyrex Brand Glasses” should be in 
the hands of every chemist who has to work with 
glass—and what one doesn’t? 


fe) Thermometer 


A gallium thermometer, used in Germany for direct 
temperature readings up to 1200°C., is described in a 
12-page report of the Office of Technical Services, 
Department of Commerce. This type of thermometer 
is often used in Germany for measuring temperatures 
which could otherwise be measured only by thermo- 
couples, disappearing filament pyrometers, or other 
indirect means. 

One thermometer, which was sent to Britain for ex- 
amination, is calibrated for the temperature range of 
388 to 1210°C. The scale is a 26-centimeter opal 
glass strip. Checking with a thermocouple revealed an: 
error ranging from minus 23.5°C. at 490°C. to plus 5 
degrees at 1000°C. However, the thermometer is 
intended chiefly for use within the range from 950 to 
1000°C., and allowance could easily be made for the 
uniform error in this range, according to the report. 

The thermometer consists of a quartz capillary in- 
side a quartz envelope. The capillary contains pure 
gallium with a slight trace of iron. 

Manufacture of the thermometer, according to the 
investigator, evidently required craftmanship of a 
high order. The bottom of the thin capillary rod in- 
side the 60-centimeter envelope tube was broadened 
out and fused with the envelope to form a bulb. After 
the proper amount of gallium was put into the bulb, 
evidently under vacuum, the remaining space was filled 
with hydrogen at about half an atmosphere pressure, 
and the capillary was sealed. The lower half of the 
envelope, which would be immersed in the furnace 
bath, is protected by a steel sheath. The top of the 
envelope is finished with a nickel-plated cap. 

The thread in the capillary was found to be broken 
when the thermometer was received in England. The 
investigator believes that this may have been due to 
chemical reaction between the quartz and the gallium 
at high temperatures. 


* DDT 


A British bulletin entitled “Some Properties and 
Applications of D.D.T.” may be had from His Maj- 
esty’s Stationery Office in London for 6d. It is a very 
comprehensive résumé of the present knowledge about. 
the insecticide. 


MELLON INSTITUTE TECHNOCHEMICAL LECTURES 


A SERIES of lectures on physicochemical methods 
and their applications in research and technology will 
be presented by specialists of Mellon Institute. These 
discourses, which will be delivered on Thursdays in the 
fourth period (11:40 a.M.—12: 30 p.m.), throughout both 
semesters, in the auditorium of the Institute, will be 
open to all students in the professional courses in chem- 
istry and chemical engineering in the ‘University of 
Pittsburgh, to the Institute’s members, and to inter- 
ested persons in the district. 


Physicochemical Methods and Their Applications 
January 23 Dr. L. E. Alexander Crystal Structure 
February 20 Dr. E. P. Barrett Sorption 
March 6 Dr. W. M. Kutz Catalysis 
March 20 Dr. R. H. Hartigan Synthetic Methods 


April 10 Dr. T. W. DeWitt High-Vacuum Techni-- 
ques 


Isotopes and Tracer- 
Techniques 


Colloid Techniques 


April 24 Dr. J. T. Kummer 


May 8 Dr. J. W. Jordan 
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NEW ANGLES ON FAMILIAR DEMONSTRATIONS: 


PREPARATION OF HYDROGEN 


A. The preparation of hydrogen, using the reaction 
of sodium with water, is familiar and its dangers are 
well known. The presence of sodium hydroxide must be 
assumed unless the demonstrator concentrates a large 
volume of solution and evaporates it to dryness, a time- 
consuming process. The preparation of hydrogen by 
the reaction of metallic calcium on water proceeds at a 
convenient rate, it is free from danger, and furthermore, 
the students can see the calcium hydroxide. The 
solubility of this compound in water is so low that it 
appears as a white precipitate. 

Procedure: A gas-collecting jar is filled with water. 
About a half-teaspoonful of calcium chips is placed in 
the jar. It is then immediately covered with a glass 
plate, inverted, and placed mouth downward below 
water in a pneumatic trough. The chips drop to the 
bottom of the trough, and the displaced hydrogen is 
collected in the inverted jar by displacement of water. 


Ca + 2HOH — Ca(OH): + H: ft 


B. The reaction of metal and acid to produce 
hydrogen is trite, but the corresponding action of strong 
alkali on a metal is sometimes neglected until the study 
of the metal. Aluminum is selected as the metal, and 
the presence of the protective coating of oxide on its 
surface is demonstrated incidentally by the delay in 
starting the reaction. Once started, the exothermic 
reaction proceeds with vigor and steam is generated. 

Procedure: Two tall precipitating jars are placed 
erect in large (12-inch) evaporating dishes. The dishes 
serve to catch any overflow. Aluminum trimmings to 
a depth of two inches are placed in each jar. Enough 
liquid to cover the metal is added to each jar, hydro- 
chloric acid to one and sodium hydroxide solution to the 
other. Try concentrated hydrochloric acid and satu- 
rated sodium hydroxide, each mixed with an equal 
volume of water. Retard the speed of the reaction if 
necessary by dilution. 

2Al + 6HCl — 2AlCl, + 3Het 
2Al + 6Ht+ — 2Alt+t++ + 3H ft 
2Al + 2NaOH + 2H,0 — 2NaAlO, + 3H: t 
2Al+ 20H- + 2H.0 ~ 2Al0.~ + 3H2t 





1 Presented at the 237th Meeting of the New England Asso- 
ciation of Chemistry Teachers, Colby Junior College, New 
London, New Hampshire, October 19, 1946. 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


DIFFUSION OF HYDROGEN 


Just as a small dog can run through a forest but the 
larger, slow-moving hunter must pick his path among 
the obstructions, so the agile hydrogen molecule dif- 
fuses through a porous porcelain cup. 

Procedure: Equip a porous cup with a one-hole 
stopper through which a long 6-mm. glass tube projects 
slightly. The lower end of the glass tube extends 
through a two-hole stopper that fits an Erlenmeyer 
flask. The other hole of the second stopper is supplied 
with a jet. The flask is partially filled with colored 
water. An inverted beaker encloses the porous cup. 
A jet of hydrogen from a generator is thrust between 
the beaker and the cup. The diffusion of hydrogen into 
the cup soon builds up enough pressure within the flask 
to squirt a stream of water out of the jet. A growing 
plant in a flowerpot stands ready to receive the stream. 
Now the beaker is removed quickly, and the return of 
air into the system through the jet is noticed while the 
hydrogen diffuses outward through the walls of the 
porous cup. j 


HYDROLYSIS 


The explanation of hydrolysis of aluminum sulfate 
solution on the basis of the formation of sulfuric acid 
and aluminum hydroxide has an apparent weakness due 
to the fact that the student does not see any aluminum 
hydroxide, although its solubility is very low (0.00001 
g./ml.). A more satisfactory explanation is found in 
application of a modern theory of electrolytic solutions.’ 

Procedure: Dissolve 5 g. of aluminum sulfate in 500 
ml. of distilled water. Remove a sample of the solution 
with a medicine dropper and squirt the liquid onto a 
sheet of blue litmus paper. 


PRECIPITATION OF ALUMINUM HYDROXIDE 


The amphoteric nature of aluminum compounds may 
be discussed at length, but no amount of verbal per- 
suasion equals two minutes of demonstration. Es- 
pecially impressive and incredible to the beginner is the 
formation of a hydroxide by use of a strong acid. 

Procedure: 100 ml. of aluminum sulfate solution is 
placed in a tall jar that has a dark card for a background. 
Sodium hydroxide solution is added with stirring until a 


2 Weaver, E. C., anp L. S. Foster, School Sci. and Mathe., 
46, 547 (1946). 
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flocculent precipitate appears. Continued addition of 
the hydroxide causes the precipitate to dissolve. Hydro- 
chloric acid is now added cautiously until the hydrox- 
ide precipitate just reappears. More acid dissolves 
the precipitate. 

The precipitate can be recalled by means of sodium 
hydroxide solution, and so on, indefinitely. 

Al2(SO,)3 + 6NaOH — 3Na,SO, + 2Al(OH); | 

Al(OH); + NaOH — NaAlO, + 2H2O 

NaAlO. + HO + HCl— AI(OH);} + NaCl 

Al(OH); + 3HCl — AICI; + 3H,0 
REDUCTION BY ALUMINUM 

With the return of peace, Thermit and Thermit- 
igniting mixture are once more available. This stimu- 
lating experiment should again appear on our lecture 
tables. For igniting Thermit, imbed the heads of 
several large wooden matches in igniting mixture. 
Avoid the use of a magnesium fuse which, when it burns, 
blinds the audience to the important reaction to follow. 
After the reaction, cool the molten material. Chip off 
the brittle aluminum oxide slag and brighten the ball of 
steel with a file. 

Procedure: Fill a sand crucible almost full of Thermit 
mixture. Place a teaspoonful of igniting mixture in the 
center of the top of the Thermit and allow the two to 
interpenetrate slightly. Imbed five match heads in the 
igniting mixture. Place the crucible on a dry-sand- 


filled pneumatic trough that in turn rests on a large 
sheet of asbestos paper. Ignite the mixture by means 


of the flame of the Bunsen burner. Immediately after 

the reaction, seize the crucible with tongs and pour the 

contents onto some nails that are imbedded in a de- 

pression in the sand in the pneumatic trough. When 

sufficiently cool, hold the erstwhile liquid mass under 

running water, break off the adhering slag, and file. 
3Fe,0, + 8Al—> 4AL0; + 9Fe 


Other oxides that may be reduced by this method in- 
clude: Fe:O3, Cr2O3, MnOs, V20O5, TiO2z, NiO, MoOs, 
BOs, and SiOz. ‘ 


@ New Members 

Allan Cooney, Vermont Junior College, Barry, Vermont 

Elene Farello, Wilmington High School, Wilmington, 
Massachusetts 

Louise Foering, Russell Sage College, Troy, New York 

Robert Lyons, Marlborough High School, Marlborough, 
Massachusetts 

Paul Doigan, Research Fellow, Iowa State College, 
Ames, Iowa 

Carl Perkins, Pittsburgh High School, Pittsburgh, 
Massachusetts 


9 Official Business 
237th meeting, October 19, 1946. Colby Junior Col- 
lege, New London, New Hampshire. 


The following program was given at the 237th meet- 
ing of the N.E.A.C.T. Greetings, H. Leslie Sawyer, 
President of Colby Junior College; ‘Surface Activa- 
tion,’ W. B. Thomas, Bates College; ‘Derivatives of 
Vitamin K and Dicourmarine,” Douglas M. Bowen, 
Dartmouth College; Lecture Demonstrations, Otis E. 
Alley, Elbert C. Weaver, Phillips Andover Academy. A 
short business meeting followed the luncheon. 


238th Meeting, December 7, 1946. Boston College, 
Chestnut Hill, Massachusetts. 


The following program was given at the 238th meet- 
ing of the NEACT. Greetings, Rev. William L. Kel- 
eher, 8.J., President of Boston College; ‘Some Impacts 
of Biology, Biochemistry, and Biophysics on the Prob- 
blem of the Nature and Formation of Connective Tis- 
sue,’ Dr. Bernard S. Gould, Massachusetts Institute of 
Technology; ‘“The Physics of Precipitation in the At- 
mosphere,” Mr. Roland J. Boucher, Meteorologist of 
the United States Weather Bureau; “The Application 
of Science in the Detection of Crime as Used in the 
F. B. I. Laboratory,” Mr. Jeremiah F. Buckley, S.A., 
Federal Bureau of Investigation; ‘““Rocket Propellants,’” 
Dr. John K. Rouleau, Boston College. A short busi- 
ness meeting preceded the last paper. 

President Eldin Lynn has announced the appoint- 
ment of the following committees. 

Ninth Summer Conference Committee: Paul F. 
Stockwell, Chairman, Dorothy Abel, Otis Alley, Law- 
rence H. Amundsen, Paul Bodell, Millard W. Bosworth, 
Harold Coburn, Helen Crawley, Gertrude Eastman, 
Rev. Bernard Fiekers, §.J., Ina Granara, George Hearn, 
Elizabeth Hollister, Harriet Hemenway, Walter Lynch, 
John Suydam, Carl Swinnerton, Elbert Weaver, and 
Saverio Zuffanti. 

Chemical Education Committee: Amasa F. Willis- 
ton, Chairman, Dorothy Abel, Harold Coburn, Mar- 
jory Fenerty, Ralph Keirstead, Evelyn Murdock, An- 
drew O’Connell, and William Stakeley. 


fe) Schedule of Meetings 


239th meeting, February 15, 1947, Rumford Chemical 
Works, Rumford, Rhode Island 

240th meeting, March 22, 1947, Trinity College, Hart- 
ford, Connecticut 

241st meeting, May 10, 1947, College of the Holy Cross, 
Worcester, Massachusetts 
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WATER BACTERIOLOGY: WITH SPECIAL REFERENCE 
TO SANITARY WATER ANALYSIS 


S. C. Prescott, Professor Emeritus and formerly Head of the De- 
partment of Biology and Dean of Science, Massachusetts Institute 
of Technology; C. E. A. Winslow, Professor Emeritus, Yale 
University, and Mac H. McCrady, Chief, Division of Laboratories, 
Quebec Ministry of Health and Social Welfare. Sixth Edition. 
John Wiley and Sons, Inc., New York, 1946. xiv + 368 pp. 
121 tables. 14 X 20cm. $4.50. 


Eac# EpITION of this work, since the initial “Elements of Water 
Bacteriology” in 1904, has presented an outstanding, critical 
summary of research and practice in sanitary water analysis. 
It has been 15 years since the last, the fifth edition, appeared. 
Water purification and sewage disposal methods have improved 
greatly in this interval, but new conditions have appeared every- 
where that make necessary more exacting standards of water 
quality control. 

The sixth edition of ‘‘Water Bacteriology” is greatly needed. 
Within the limits of the published literature and accessible re- 
ports it is a complete book and a most useful one for chemists, 
sanitary engineers, bacteriologists, and public health officers con- 
cerned with problems of water supply, especially to the relatively 
large group of technical men who will take up this work in the 
next few years. There is no other current single source book in 
this specialized field. 

A feature that American sanitary chemists and bacteriologists 


will find of special value is the very comprehensive review of 
English methods and research. Much of this was inaccessible 


during the war. There is an obvious lag in American reports, 
due in large part to the restrictions placed upon publications from 
various state and municipal health departments in this country. 
It is evident, however, that the authors did not have access to 
the fine work on water disinfection that has been carried on in 
American universities under Committee of Medical Research 
contracts or to the Army and Navy investigations in the same 
fields. Nothing is said of the recent works on amebic dysentery 
and on infectious hepatitis as waterborne diseases, though these 
promise to influence the future design of water treatment. 

Sections that active sanitary bacteriologists will find most use- 
ful are the discussions of new media, developments in most prob- 
able number theory, the background for the new standards for 
drinking water, the improved methods for examination of shell- 
fish, and indices of swimming pool sanitation. There is also an 
excellent critical treatment of the relations between chemical 
analyses of polluted waters and bacteriological findings that 
should be read by practical workers with conservative views of 
the coliform index. 

Normally, technical books of this degree of specialization are 
used in fragments. Like previous editions, this one will un- 
doubtedly take a commanding place on the reference shelf. 
There is, however, a uniquely coherent quality to “Water Bac- 
teriology” that makes it represent a working viewpoint of the 
subject. This grows largely from the authors’ long experience in 
the field, and their willingness to explain fully the historical back- 
ground of each development. To do this excellent feature justice, 


the book should be read through before it goes up on the shelf. 
CHARLES E. RENN 


Tue Jouns Hopkins University ScHooL or ENGINEERING 
BALTIMORE, MARYLAND 
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*. THE CHEMICAL ASPECTS OF LIGHT 


E. J. Brown, F.R.S., Fellow of University College, Oxford. Second 
Edition. Clarendon Press, Oxford, 1946. 300 pp. 59 figs, 
13.5 X 22cm. $5.00. 


THE TITLE of this book implies that the subject matter is photo- 
chemistry, but it is stated in the preface that the aim is “to pre- 
sent modern ideas of matter and light as far as possible in a non- 
mathematical form.’ Chapter headings are: Light as Waves, 
Light and Light Sources, The Absorption and Emission of Light, 
Spectra, The Transformation of Absorbed Radiation, Fluor- 
escence, The Luminescence of Solids, Photochemical Reactions, 
Photosynthesis in Plants, The Photographic Process, The Re- 
actions of the Eye to Light, Photo-cells, Chemiluminescence. 

In fairness to the author it should also be said that he states in 
the preface that the book is “intended to supplement rather than 
to replace existing textbooks and articles.” It is rather as an 
introduction to the field of photochemistry that the book serves 
very well. The phenomena which are discussed are covered in an 
interesting though not very detailed manner; only a few refer- 
ences are given at the end of the book. 

Ten pages of very useful data are included at the end of the 
text, together with several pages of experiments which demon- 
strate some chemical actions of light. 

Students majoring in chemistry and teachers wishing an intro- 
duction to photochemistry should find the book of interest. 

ARTHUR A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


* COLLOIDS: THEIR PROPERTIES AND APPLICATIONS 


A. G. Ward, M.A. Interscience Publishers, Inc., New York, 
1946. viii+ 133 pp. 28 figs. 6 plates. 12 X 19cm. $1.75, 


In weitTINc this review I am well aware of the following words 
spoken by Benjamin Disraeli, Earl of Beaconsfield, on January 
24, 1860: “It is much easier to be critical than to be correct.” 
The logical deduction therefrom is that a reviewer can very easily 
be critical if he can prove that he is correct. 

If the booklet under review had been written 25 years ago, it 
might have been considered a contribution worthy of considera- 
tion, but this is not the case in 1946. 

In the introduction we find the statement that the ultramicro- 
scope reveals little concerning shape and size of colloidal particles. 
This is not surprising if one reads Chapter V, dealing with the 
experimental study of colloidal particles. The author is seem- 
ingly unaware of the development of ultramicroscopy since 1903, 
the use of the azimuth stop, etc. It would have been of far 
greater value to the colloid chemist to elaborate on this chapter 
instead of writing a eulogy for the electron microscope. 

The discussion and illustration of electric charges is incomplete 
and outdated. The statement on p. 33, that the binding be- 
tween mica sheets is weak, is wrong. In the chapter on surface 
tension no reference can be found to the drop weight, number, and 
pendant drop methods of determination. Although thixotropy 
and dilatancy are discussed, a reference to rheopexy is missing. 
The explanation offered for thixotropy has been outdated for ten 
years. 

What the author describes is not the production of crepe rub- 
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ber, but smoked sheet. In discussing methods of latex concen- 
tration, no reference is made to evaporation (Revertex process) 
which is based on the addition of protective colloids and therefore 
is entitled at least to be listed in a text supposedly devoted to 
colloids. The discussion of the nature of rubber-like elasticity 
(pp. 86-8) needs revision. Racking of rubber resulting in loss of 
elasticity is not even mentioned. In montmorillonite (p. 111) it 
js not the silicon which is replaced by aluminum, but the latter by 
an ion of lower valency, e. g., magnesium. 

Finally, I should like to comment on the bibliography. The 
books recommended by the author for those who wish to make a 
fuller study cannot be strictly classified as colloid chemical text- 
books. Those listed as elementary are either outdated or not 
specific colloid chemical texts, and the book written by the re- 
viewer is certainly not an advanced, but an elementary, text used 
in many first term courses in colleges in the United States. 

ERNST A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


METHODS OF ANALYSIS (OFFICIAL AND TENTA- 
TIVE) OF THE ASSOCIATION OF OFFICIAL AGRI- 
CULTURAL CHEMISTS 


Edited by Henry A. Lepper, Chairman of the Editorial Board, 
and revised by the following Committee on Editing Methods of 
Analysis: H. J. Fisher (Chairman), L. EF. Warren, J. W. Sale, 
W. H. Ross, W. F. Reindollar, and Marian Lapp Otis. Sixth 
edition. Association of Official Agricultural Chemists, Wash- 
ington, D. C., 1945. xii + 932 pp. 76 figs. 15.5 X 23 cm. 
$6.25. 


IN ACCORDANCE with its custom of revising the “Official and 
Tentative Methods of Analysis” every five years, the Revision 
Committee has now published this sixth edition which incorpo- 
rates the changes in methods and the additions adopted by the 
Association at the 59th annual meeting held in October, 1944. 

This text has long been recognized as the “Book of Methods” 
for those actively engaged in the analysis and examination of 
agricultural or related products and of many other commodities, 
some of which are only slightly related to agricultural pursuits. 
In the 483 chapters devoted to analytical procedures we find in 
addition to such expected subjects as soils, fertilizers, insecticides, 
leathers, beverages, cereals, dairy products, meat products, 
waters, drugs, and the like, such unexpected subjects included as 
cosmetics, enzymes, dessert preparations, baking powders and 
chemicals, fish and marine products, vitamins, radioactivity, and 
others. The chapters on “Extraneous Materials in Foods and 
Drugs,” “Gelatin, Dessert Preparations, and Mixes,” and ‘“‘Cos- 
metics” are new. The chapter on vitamins has been greatly ex- 
panded and now includes in addition to biological assay methods, 
spectrophotometric, fluorometric, and chromatographic methods. 
In this revision changes have been introduced into nearly all of 
the chapters and the number of pages increased by about 175. 

Users will welcome the change from Roman numerals to Arabic 
numbers for chapter identification, and a decimal system of 
numbering the sections of each chapter. Each cross reference to 
other parts of the book is now identified by a complete chapter- 
section decimal number. 

The book is well printed and appears adequately bound. This 
revised text will be wanted for laboratory use and reference by 
all those engaged in the field of agricultural chemistry and its re- 


lated fields. 
W. W. RUSSELL 


Brown UNIVERSITY 
Provipencg, Rxope Istanp 


e MEN AT WORK 


Stuart Chase, in collaboration with Marion Tyler Chase. Har- 
court, Brace and Company, New York, 1945. 146 pp. $2.00. 


Reapers or Stuart Chase, from acquaintance with his ‘‘Trag- 
edy of Waste,” ‘Your Money’s Worth,” ‘(Men and Machines,” 
“Economy of Abundance,”’ and other titles, expect his books to 
relate economics to human welfare. The volume under review 
is not a disappointment to that expectation. 

The reviewer first read ““Men at Work”’ seeking an answer to 
the question, “Why do men work?” He found it in chapter two 
and that answer was, ‘not primarily for money.” 

A further perusal of the book, however, impressed him with the 
pertinence of parts of it to the work of the teacher or supervisor 
in our public schools. Even the college professor, he thought, 
might read those parts with profit. 

The chapters on ‘‘Educating the Boss,” “Show How,” and 
“Do It Easier and Better’ illustrate in a splendid way the basic 
psychology of good teaching unencumbered by the vocabulary of 
the professional pedagogue. All persons concerned with teacher 
training should be required to read and reread the chapter on 
“Educating the Boss.” Every teacher in service would profit 
by a trial of some of the pithy suggestions in regard to ‘‘job in- 
struction” in the chapter on “Show How,” and many directors of 
instructional laboratories with their over-population of G. I.’s 
will find the chapter on ‘“‘To Do It Easier and Better” pregnant 
with suggestions of ways of eliminating waste time, supplies, and 
human energy. 

Two other chapters, while not so specifically pointed to the 
classroom or laboratory, are, however, helpful to a fuller appre- 
ciation of the more general background of our school job. They 
are entitled: “Why Men Work” and “Teams, Groups and 
Gangs.” 

The chapters on “Bigger Pie” (labor-management committees), 
‘Some Bureaucrats Are Human,” and ‘What TVA Means” 
should have high priority for reading by all voting citizens. 

It is unorthodox to turn to an economic journalist for help for 
the teaching profession, but there are times when the “‘outsider” 
is actually more objective and therefore more helpful than the 
“‘within-the-fold” educator. 

B. CLIFFORD HENDRICKS 


UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA 


o PHYSICAL METHODS OF ORGANIC CHEMISTRY 


Volume I. Arnold Weissberger, Eastman Kodak Company. 
Interscience Publishers, Inc., New York, 1945. vii + 736 pp. 
15 X 23cm. $8.50. 


UNDER THE editorship of Arnold Weissberger, this volume is a 
collaboration of 27 other physical scientists from the United 
States and Canada. It is a treatise on physical methods fre- 
quently used by the organic chemist on the graduate research 
level. It is desirable to have such a volume because there is no 
secondary source for this type of information. Most chemists 
previously have been forced to search periodicals for much of the 
information necessary to attack an organic chemical problem by 
an unfamiliar physical method. It was the specific object of the 
editor ‘to relieve the chemist of much of the burden of such a 
search.” In this the editor has been successful, to say the least. 
Graduate students are likely to welcome this book enthusi- 
astically. 

The following chapter headings will suggest the scope of the 
first volume: Determination of Melting and Freezing Tempera- 
tures, Boiling Temperatures, Density, Solubility, Viscosity, Sur- 
face Tension, Parachor, Properties of Monolayers and Duplex 


‘ 
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Films, Osmotic Pressure, Diffusivity, Calorimetry, Microscopy, 
Crystal Form, X-Ray Diffraction, Electron Diffraction, and 
Refractometry. The present writer would like to have seen 
chapters on fractional distillation and molecular distillation. 
The only works of comparable scope are Reilly and Ray, 
“‘Physico-Chemical Methods,” Edition 3, 1939, and Ostwald- 
Luther, ‘“‘Physico-Chemische Messungen,” Edition 5, 1931, but 
these present volumes are devoted more specifically to organic 
chemical problems. In general the treatment is more complete 
than in either of these books and many topics, such as electron 
diffraction, are not covered, of course, in these earlier volumes. 
The diagrams and photographs are excellent and uncluttered. 
LEALLYN B. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, RHODE IsLAND 


& ENCYCLOPEDIA OF HYDROCARBON COMPOUNDS 


Joseph E. Faraday. Chemical Publishing 
xxix + 388 pp. 17 X 23 cm. 


VolumelI: C, to C;. 
Company, Inc., Brooklyn, 1946. 
$15.00. 


In THE literature of organic chemistry there are two com- 
prehensive works—namely, “‘Richter’s Lexicon der Kohlenstoff 
Verbindungen” and “Beilstein’s Handbuch der Organischen 
Chemie”—that detail every compound known, identified, and 
analyzed up to a certain date. They suffer somewhat in being 
years behind in the tabulations, and especially in the case of the 
latter, of employing a rather complicated system of classification. 
The author proposes a loose-leaf series of volumes, wherein regu- 
lar annual supplements of sheets may be ingerted in their appro- 
priate places, thus keeping the series continuously up to date. 
Volume I of this new encyclopedia is restricted to hydrocarbons 
containing one to five carbon atoms per molecule. The system of 
arrangement of the compounds included is the same as the for- 
mula index system of Richter. Other volumes of the encyclo- 
pedia are promised at short intervals. If the response to this 
tabulation of the hydrocarbons meets with sufficient success, the 
author proposes a vast encyclopedia of all carbon compounds 
which would be a complete storehouse of all the accumulated 
knowledge of organic chemistry. 

The sources of information are “Beilstein’s Handbuch der 
Organischen Chemie’ and its supplements, British Chemical Ab- 
stracts, Chemical Abstracts, and Chemisches Zentralblatt. Beil- 
stein covers the period up to January 1, 1919, and the latter three 
abstract journals from that date up to January 1, 1944. The 
recent Soviet abstract journal, Khim. Rejerat Zhur., was not 
available. Direct references are made to 312 other journals. 
The first annual supplements were promised for April, 1946, and 
would bring the volume up to January 1, 1945. 

The following information is presented in the case of each com- 
pound, where such details are available: molecular formula, 
expanded structural formula, names of the compound, occurrence 
in nature, every known method of preparation with reference to 
each one, physical constants, methods of detection and determi- 
nation, solubility in organic solvents, and other outstanding prop- 
erties and reactions. As a typical example of the comprehensive 
nature of the tabulations for each compound, it is noted that no 
less than 553 methods are given for the preparation of methane 
alone. 

The contents of Volume I include: Sources of Information; 
Information Presented; The Supplements; System of Arrange- 
ment; Nomenclature; List of Journals to Which Reference Is 
Made; Abbreviations; Hydrocarbons with One, Two, Three, 
Four, and Five Carbon Atoms, respectively; and Index of Trivial 
Names. 
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The reviewer is at once impressed with the tremendous ambi- 
tion of any chemist who would attempt any such extensive com- 
pilation alone and without apparent assistance. The task may 
seem to be impossible if executed by one individual, but it js 
heartening to learn from the author that, “Its creation rests upon 
the support of the present generation of organic chemists,” 
There is usually much to be gained by cooperative effort on proj- 
ects of this magnitude. The series is in no sense a duplication 
of the American Chemical Society Monograph on the “Physical 
Constants of Hydrocarbons” by Egloff or any other available vol- 
umes dealing with the hydrocarbons. 

The appearance and quality of the loose-leaf binding is far 
superior to that usually found in similar binders. If the remain- 
ing volumes of this proposed series are as systematically and care- 
fully prepared as the first, it is highly probable that they will have 
an extensive sale, hearty reception, ard widespread use. Lead- 
ing industrial and educational libraries will stock them as an 
essential reference work; advanced research workers will consult 
them frequently; and aggressive organic students will read and 
study them as a source of information and inspiration. 

RALPH E. DUNBAR 


Norts Daxota AGRICULTURAL COLLEGE 
Farao, NortH Dakota 


ve THEORY AND PRACTICE OF FILTRATION 


George D. Dickey and Charles L. Bryden. Reinhold Publish- 


ing Corporation, New York, 1946. 
23cm. $6.00. 


Tus BOOK is the first published in this country on filtration 
since 1923 when there appeared “A Textbook of Filtration” by 
these authors and ‘Industrial Filtration” by A. Wright. The 
present volume is entirely new and not a revision. 

Filtration has been limited to the unit operation of separating 
solids from fluids by the use of porous media. Twenty-nine 
pages are devoted to the history of filtration, whereas the theory 
and principles receive but 16 pages. In addition to the usual 
filtration equipment, there are described hydraulic and squeeze 
presses, oil expellers and separators, centrifuges, and auxiliary 
equipment. Separate chapters are devoted to two industries 
that make extensive use of filters: water filtration, and sewage 
clarification and sewage sludge dewatering. One chapter is de- 
voted to typical applications and flow sheets, although no explan- 
ation accompanies the flow sheets. 

The reviewer had several criticisms of this book. Possibly it 
can be summed up in the ratio of 29 pages of history to 16 pages 
of theory and principles. The chapter on theory and principles 
consisted largely of quotations from recent papers of Ruth and of 
Sperry. The nomenclature is that of the author so that several 
sets of symbols are used, some of which are not defined. No in- 
tegration of the theory is attempted, no illustrations are given to: 
show its utility, no examples are given to show how theory will 
predict new rates and capacities with changes in operating con- 
ditions. The Ruth constant-pressure filtration equation (page 
42) contains a misprint. Gone is the nomenclature long used in 
the industry. A Biichner funnel now is a “straight sided funnel,” 
a nutsche has become a “false bottom vacuum tank,” and no: 
montejus or blowcase is described in the book. On the other end, 
newcomers to the industry are overlooked, as the Lurgi belt filter. 
References are often incomplete; likewise some sentences. 

This book will be found in reference libraries having sufficient: 
funds so they need not be selective. 


iv +346 pp. 142figs. 15x 


KENNETH A. KOBE 


University oF Texas 
Austin, Texas 
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PUNCHED-CARD MACHINES 


1. Key Punch 


. Sorter 


2 
3. Reproducing Punch 
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. Accounting Machine 
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Ix one respect this issue is unique; for the first time 
we have seen fit to devote an entire number to a single 
purpose—the Fourth Symposium on Technical Library 
Techniques at the 110th meeting of the American 
Chemical Society. These symposia, ever since the 
first one in 1943, have proved to be immensely popular 
and have drawn large attendances. In fact, it seems 
likely that they will result in the organization within the 
Division of Chemical Education of a special section or 
group concerned with technical literature. The central 
feature of this last symposium was the development of 
“punched card’ techniques which, in many quarters 
and for many purposes, are revolutionizing the meth- 
ods of assembling and correlating scientific data. To 
the uninitiated, “punched cards” suggest business and 
sales promotion, if anything, but it should be noted 
that some of our largest and most productive research 
laboratories are using such methods in their regular 
routine. Elaborate machines for this purpose, while 
perhaps not in the same category as the potentiometer 
and mass spectograph, can be as important adjuncts to 
the laboratory as the typewriter and adding machine. 

No apology is made for including such material as 
this in a periodical devoted to chemical education. If 
education is concerned with the absorption and assimila- 
tion of accumulated information it must certainly in- 
volve the instrumental and other methods by which 
that informatiom is correlated and made intelligible. 


Ir 1s generally taken for granted that chemists (and 
scientists in general) will be put on the defensive in any 
discussion of liberal education. At any rate, the “hu- 
manists” are invariably the self-appointed champions 
of the issue and are more than slightly incredulous of 
the stout assurances of the scientists that they, too, 


are proponents. It is therefore refreshing to get some 
real support for the conviction which we have long held, 
that the “humanistic” fraternity can be just as narrow 
in outlook and training as the technicians. 

A short time ago! a study was made at the University 








of Minnesota of student programs which presumably 
followed the pattern of “liberal” curricula. Not only 
was it observed that many students took as much as 
half their college work in one department, but— 

Concentration was especially high in English. English majors, 

although they had an average of 25 hours in modern and classical 
languages, took an average of only 13 hours in history, 6 hours in 
philosophy, 1.5 hours in music, and 1.9 hours in art. That record 
is hardly representative of a broad humanistic education. What 
little natural science they took was mainly in psychology. The 
average amount of physical science was 3.8 hours. The scholars 
from this group are not likely to have any greater understanding 
and appreciation of modern science than have many of the pres- 
ent humanists who insist on forcing a cleavage between their dis- 
ciplines and the natural sciences. Narrow and excessive depart- 
mental specialization is one of the worst forms of vocationalism. 

Another study? dealt with the reading habits of sci- 

entists compared with those of humanists, in the effort 
to see whether specialists in the humanities have any 
justification for their frequent criticisms of the sup- 
posed narrowness of specialists in the sciences. Replies 
were obtained from 44 scientists and 48 “humanist- 
educators” to questionnaires sent to men chosen from 
“American Men of Science,” “Leaders in Education,” 
and “Directory of American Scholars.’”’ The principal 
conclusions were: 

1. Both groups depend on magazines very heavily 
for information outside their own field of work. 
The humanists apparently read a little more, 
but no better. 

2. Men from either groups would not object to a 
steady diet of the other fellow’s reading list. 

3. In the field of books, there.is no startling differ- 
ence between the two groups. There is no 
clear margin of superiority in quality or quan- 
tity on either side. 

4. Reading of both groups was extremely casual, 
based on chance browsing in libraries and 
bookstores. The list most popular among 
either group would be acceptable for a literary 
club program, since it contained mainly re- 
cent, easily read popular books. 





1T. R. McConnett, “Emergent Responsibilities in Higher 
Education,” University of Chicago Press, 1946. 


?L. H. Krrxparricx, “How narrow are the specialists?’ 
School and Society, 64, 194 (1946). 
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& PUNCHED-CARD TECHNIQUES AND THEIR 
APPLICATIONS TO SCIENTIFIC PROBLEMS' 


Donine the past decade or so the punched card has 
come into general use for the handling of all kinds of 
scientific data. In a score of laboratories throughout 
the country great masses of data are being handled 
automatically; included are those of astronomy, ballis- 
tics, chemistry, engineering, meteorology, navigation, 
and physics. The purpose of this paper is to describe 
the punched card machines which are most useful in 
science and to outline in nontechnical terms some of the 
principal scientific projects which have been executed 
in various fields of science. From this broad general 
picture it is hoped the chemist will see the possibilities 
for his own specialty. 

The great effectiveness of the electric punched card 
method is that once the initial data have been recorded 
as holes in the cards, the machines will automatically 
read these holes and perform a wide variety of opera- 
tions, such as rearranging the cards in any required 
sequence, transferring data from one card to another, 
printing the information on the cards or on a sheet of 
paper, consulting tables of tabular data, and perform- 
ing the arithmetical operations of addition, subtraction, 
multiplication, and division. Electrical impulses 
through the holes in the cards are used not only to read 
the data on the cards but to control the operations of 
the machines. Pluggable connections permit the 
operator to direct these impulses almost at will. 

The standard tabulating card is 3 1/4 X 7 3/8 inches 
and stacks 150 cards to the inch. It has 80 vertical 

1 Presented before the Division of Chemical Education at the 


110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 
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Figure 1. Tabulating card showing 12 punching posi- 
tions and combinations of punches to indicate letters 


W. J. ECKERT 


International Business Machines Corporation, 
New York City 


columns with 12 punching positions in each column. 
Of these, ten are indicated by the printed digits 0 to 9 
which correspond to the digits of the numerical data to 
be punched. The 11th and 12th punching positions at 
the top of the card are commonly referred to as the 
“x” and “‘y” positions. The “x’’ punch is usually used 
to ontet’ the operation of the various machines; for 
example, negative numbers are differentiated from posi- 
tive ones by means of the “x” punch. A digit is in- 
dicated by a single hole in a salen and a letter of the 
alphabet by two holes in one column, the ‘“‘x,” “‘y,” or 
“0” being combined with one of the digits. 

While the above method of punching information on 
the cards is the conventional one and the one which the 
machines handle automatically, various codes may be 
used for special problems.? The selection of a code de- 
pends not only on what information is to be recorded on 
the card but upon how it is to be taken out. As far as 
recording alone is concerned, it is obviously possible to 
record in a single column as many as 4096 combinations 
of the 12 available holes. The practical use, however, 
of all these combinations is quite another matter, even 
for sorting. 

One corner of the card is clipped to facilitate orienta- 
tion and the face of the card is printed to assist in occa- 
sional reading by eye of the data punched on the card. 
Special printing may be used for individual projects if 
manual handling of the cards-plays an important part 
in the problem. 

While special calulating equipment has been built for 
some purposes, the great bulk of the work now being 
done throughout the country is performed on standard 
commercial machines. These, of course, have the ad- 
vantages of ready availability, systematic service, and 
experienced operators. The following machines are in 
this category: 

The Key Punch is used to record the initial data on } 
the cards. The punching is done manually in one col- 
umn of the card after another as the card moves longi- 
tudinally under the punching knives. There are 12 
knives corresponding to the punching positions 0, 1,. . ., 
9, x, y, and their operation is controlled by the corre~ 
sponding keyson the keyboard. Thenumerical punches 


2 “The Preparation and Use of Codes, IBM Machine Methods 
of Accounting.” 
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By way of introduction I would like to discuss 
briefly the purpose and scope of these symposia. 
Perhaps the best way to put it is to say that we 
are concerned with the various activities which 
occur from the time that one chemist conducts an 
experiment until another chemist makes use of 
his experimental results. We are concerned with 
such matters as recording observations, interpre- 
ting results, preparing reports, writing papers for 
publication, abstracting papers, indexing and 
classifying scientific literature, locating informa- 
_tion, preparing bibliographies, and correlating in- 
formation. It is obvious that no one of these 
symposia can concern itself with all phases, 

We shall discuss various aspects of the problem 
of organizing and correlating the chemical litera- 
ture, in particular, the application of mechanical 
devices, especially punched cards, to the problem 
of preparing and organizing bibliographies. Sev- 
eral papers op this subject have been presented 








INTRODUCTORY REMARKS 


JAMES W. PERRY 
Massachusetts Institute of Technology, Cambridge, Mass. 


previously. If, however, we compare what has 
already been accomplished in this field with the 
possibilities which are gradually unfolding, I 
think we are forced to conclude that we have not 
yet passed the initial stages of development. 

This fact became strikingly apparent when I 
started to organize this symposium. Although 
there was much interest in the broad field of ap- 
plications of mechanical devices to bibliographical 
and related problems posed by the chemical litera- 
ture, there was also a surprising dearth of experts 
in this field willing to prepare and present papers. 
In fact, this program could not have been arranged 
if assurance had not been given to most of the 
speakers that their participation would be repre- 
sented as constituting no claim to the status of an 
expert in the field. Consequently, the following 
papers are to be regarded as exploratory in nature, 
and the conclusions and proposals presented will 
be for the most part of a tentative character. 








have 14 keys, twelve for the punching and one each for 
column space and card eject; the alphabetical punches 
have, in addition, a typewriter keyboard. There are 
several types of key punches and the proper selection 
depends upon the particular type of work. 

The Verifier may be used to check the work of the key 
punch, although other methods involving proofreading 
and automatic comparing are frequently employed. 

The Sorter is used to rearrange the cards in any de- 
sired order according to the data punched on the cards. 
It feeds cards from a hopper and sorts each card into 
one of 13 pockets, according to the hole read in a se- 
lected column of the card. The 13 pockets correspond 
to the 12 punching positions and one for blank columns. 
By successive sortings the cards may be arranged in any 
desired order. The machine senses the first hole en- 
countered in the passage of the card; if two or more 
holes are punched in a column, provision is made for the 
selection of the hole to be read. 

The Collator is a more elaborate sorting device. It 
sorts cards from two hoppers into four pockets accord- 
ing to data punched in several columns. The machine 
is very flexible and permits the handling of the cards 
according to a complicated pattern involving the com- 
parison of two sets of data for high-low-equal. For 
example, two packs of cards, each in numerical order, 
can be merged into a single pack, in numerical.order, 
with one run through the machine. It will test a pack 
of cards to determine whether they are in numerical se- 


quence according to the data in a selected group of 
columns (as many as 32 columns at a time). 

The Accounting Machine is a large-scale printing and 
adding machine which reads data from cards, adds and 
subtracts them, and prints on a sheet of paper data from 
individual cards or from the accumulated totals in the 
counters. The machine will add or subtract as many 
as 80 digits at a time and print as many as 88. Alpha- 
betic as well as numerical data may be listed. 

The Interpreter reads the holes in a card and prints 
the information in type on the same card. Interpreted 
cards may be used in the conventional manner as file 
cards as well as in the machines. : 

The Reproducing Punch reads data from cards and 
punches them on other cards. This device is useful in 
preparing duplicate decks of cards, in rearranging data 
on the cards, and in copying data from “table” cards 
on to the work cards. It has a comparing unit which 
will compare two sets of data and detect any disagree- 
ment. The reproducing punch may be adapted for use 
as a Summary Punch to record on a new card data ac- 
cumulated in the counters of the accounting machine. 

The Calculating Punch reads numbers from one or 
more cards, multiplies, divides, adds, and subtracts 
them, and records the result on the card. It has pro- 
vision for performing elaborate sequences of operations. 

The Multiplying Punch performs many of the func- 
tions of the calculating punch. It does not divide and 
has less sequencing facilities. 
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The Electronic Multiplier is a high-speed multiplying 
machine which operates by means of electronic circuits. 
It forms and records 100 products per minute (the mul- 
tiplication itself is actually performed in 17-thousandths 
of a second between the reading and punching of the 
card). 

These individual machines have specialized functions 
but, since they read and write by means of punched 
holes, they may be used in combination to handle al- 
most any kind of data. The unit construction permits 
the elimination of machines not required for a given 
type of work and the duplication of critical machines 
to furnish a balanced installation. 

A simple example of the use of these machines is that 
of consulting tables of tabular functions. Suppose, for 
example, during the course of a calculation 20,000 cards 
are derived, each of which contains the value of an angle 
between 0° and 90°, and it is required to find the value 
of the sine of the angle. The first step would be to pre- 
pare a punched-card sine table (unless such a table were 
already available). The first card of the table would 
contain the argument 0°, the sine of 0°, and if interpo- 
lation is necessary, the difference between sin 0° and 
sin 1°. The second card would contain the correspond- 
ing data for 1°, and so on through the 90 cards. 

The first step in consulting the table is to put the two 
sets of cards in numerical order according to the angle 
and to merge the two sets so the final order will be, 


1. Table card for argument 0° 

2. Work cards with angles between 0° and 1° 
3. Table card 1° 

4. Work cards with angles between 1° and 2° 
5. Ete. 


The sorting and merging can be done entirely by the 
sorter or, if the collator is available, the merging of decks 
already in order can be done with one operation. 

The next step is to transfer the data from each table 
card to the work cards following it, This is performed 
automatically by the reproducing punch; an “‘x’’ punch 
on the table card instructs the machine to transfer data 
from table card to the following work cards but not 
from work cards to the following table card. 

Separation of the two sets now gives a set of work 
cards each of which has on it the required value of the 
sine together with data for interpolation if that is 
necessary. The entire process of “looking up’ 20,000 
sines has required three or four hours. The interpola- 
tion, if required, is performed with one run on the cal- 
culating punch (or the multiplying punch). 

This operation of consulting mathematical tables on 
punched cards is so efficient that methods of handling 
scientific data must be considered with this in mind. 
It must be remembered that as many as 80 columns of 
data for a single argument can be carried on a card and 
the cards rearranged at the rate of 20,000 per hour and 
data transferred from one card to another at the rate of 
6000 cards per hour. Thus millions of figures can be 
“looked up” in a day with an accuracy never before 
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attainable. Card files of tabular data may be easily 
reproduced for use in another laboratory.® 

The accounting machine permits addition and sub- 
traction at an equally impressive rate. These opera- 
tions are performed simultaneously in from one to 16 
independent counter groups at the rate of 9000 cards 
per hour. Here again millions of figures are added per 
day under elaborate automatic control of the cards and 
the pluggable control panel. This efficient means of 
addition is particularly useful in statistical operations, 
such as the computation of correlation coefficients on a 
large scale. 

Data from the cards are listed on a sheet of paper at 
the rate of 80 lines per minute. Thus when data have 
been punched on cards they may be printed in several 
different arrangements with great efficiency. These 
lists may be reproduced by means of mimeograph or 
photo-offset and, except where the style of printing is 
very important, they offer a very economical method of 
disseminating data. 

The following is a brief description of a number of 
laboratories now using these methods and the general 
type of problems handled. 

The Columbia University Statistical Bureau, or- 
ganized in 1928, uses standard and special punched- 
card equipment for statistical calculations, such as the 
computation of correlations, interpolation, table mak- 
ing, and problems of scoring objective type tests. 

_ About the same time in England, Comrie used 
punched-card machines for the summation of har- 
monic series and for interpolation. 

The first scientific computing laboratory where gen- 
eral scientific calculations were performed automatically 
without any reading or writing of figures was that of the 
Thomas J. Watson Astronomical Computing Bureau, a 
joint enterprise of the American Astronomical Society, 
Columbia University, and the International Business 
Machines Corporation. Since early in 1934 this labo- 
ratory has been engaged to capacity on general as- 
tronomical problems. Some of the larger projects car- 
ried out there include:* 

The Recording and Reduction of Photometric Observa- 
tions. This program involved hundreds of thousands 
of stars on hundreds of photographic plates. The 
punched-card operations included the following: 

1. Computing coordinates for locating the star on 
the plate. 

2. Interpreting these coordinates in type on the 
card to be used by the operator in finding the star (oper- 
ator punches the instrumental reading on the card). 

3. Processing the measurements: 

(a) Subtracting the background reading from 
that of the star. 

(b) Applying an empirical correction for 
background. 


* Eckert, W. J., “Mathematical tables on punched cards,” 
Mathematical Tables and Other Aids to Computation, 1, No. 12 
(October, 1945). 

¢ Ecxert, W. J., ‘Punched card methods in scientific com- 
putation,” Thomas J. Watson Astronomical Computing Bureau, 





Columbia University. (A revised edition is in preparation.) 
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(c) Consulting calibration table. 

(d) Performing least squares solution to de- 
termine plate constants using standard stars. 

(e) Applying corrections from least squares 
solution to program stars. 

(f) Combining reduced res@lts from over- 
lapping plates, discussing residuals, and pre- 
paring for publication. 

Preparation of Catalogs of Star Positions. This pro- 
gram was similar to the photometric program but in- 
volved a larger proportion of heavy numerical work. 
Eight significant figures were used, and five constants 
were determined for each plate by the method of least 
squares. 

The Numerical Integration of the Equations of Planetary 
Motion. A step by step integration of a sixth order set 
of differential equations was performed with ten sig- 
nificant figures at the rate of 20 steps per hour. The 
equations are the well-known ones of Newton 

dx 

dt? 
with similar equations for y and z, where the independ- 
ent variable ¢ represents the time, the dependent vari- 
ables s, y, 2 represent the coordinates to be determined, 
kis a constant, P(é) is an explicit function of the time, 
and r? = 4? + y? + 2?, 

The solution of these equations is obtained in the form 
of a table by the following formula 


w= UX + Y/pX — 1/0XU + Bio XIV +... 


with similar equations for y and z, where "X is the 
second summation of X, and X™ and X"’ are the second 
and fourth differences of X, all lying in a horizontal 
line of the conventional difference table. 

Extensive Theoretical Developments. This program 
included the expansion in harmonic series of the Lunar 
Theory, which involved the multiplication of harmonic 
series with nearly a thousand terms in a series. Har- 
monic analysis and synthesis were also employed. 

The computing laboratory at the California Institute 
of Technology, under the direction of Linus Pauling, 
has been used for many years in the analysis of molecu- 
lar structure.6 The machines were used to perform 
on a large scale the evaluation of the Fourier series re- 
quired for crystal structure investigations and the 
Fourier sums and integrals occurring in electron dif- 
fraction work. Structure factors were also calculated 
by means of punched cards. The results of these 
studies for various substances have appeared in the 
Journal of the American Chemical Society. 

The ballistic research laboratories at Aberdeen and at 
Dahlgren use punched-card equipment for their volu- 
minous calculations. - 

The U. 8. Naval Observatory prepares astronomical 
tables for air and sea navigation, astronomy, and sur- 
veying. These tables contain about 2000 pages with 
millions of figures per year and are outstanding, in ac- 


kx 
=X= oie hie 





5 SCHAFFER, P. A., Jr., V. Schomaker, AND L. PavLina, 
J. Chem. Phys. 14, No. 11 (1946). 
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curacy, legibility, and style. The punched cards are 
used not only in the computation of these data, but in 
the case of the Air Almanac the pages of the tables are 
automatically prepared in final form for reproduction 
by lithography by means of a special punched-card 
machine.’ After the plates are in final form, a final 
check for accuracy of computation, preparation of copy, 
and preparation of printing plates is performed by 
means of punched cards. 

Many industrial concerns employ punched-card 
computing laboratories for analysis of structural prob- 
lems. Several aircraft companies use them for analyz- 
ing stresses and strains and vibrations in aircraft struc- 
ture. Engineering firms use them in a similar manner 
in connection with the design of turbines, ships, etc. 
During the war a number of laboratories were engaged 
in analyzing all kinds of military data, including theo- 
retical physics, meteorology, and geomagnetism. 

Punched cards have been used extensively in prob- 
lems of quality control in industry. In the steel in- 
dustry, for example, the cards are used to record data 
concerning the raw materials, data collected during the 
manufacturing process, data accumulated during tests, 
and finally the rejections from customers and any re- 
ports of subsequent failures. This huge mass of data 
is automatically collated and analyzed statistically. 
The results are used to select raw materials and to re- 
vise plant procedures. 

The International Business Machines Corporation 
under President Watson has long maintained a policy 
of encouraging science by collaborating with scientists 
and scientific institutions. Well known are the co- 
operative projects such as the Statistical Bureau at 
Columbia, The Astronomical Bureau, the Matrix Mul- 
tiplier at Chicago, the Sequence Calculator at Harvard, 
the wind tunnel equipment at the California Institute 
of Technology and at Cornell. In order to implement 
this program, there has recently been established within 
the Company a Department of Pure Science in which a 
group of scientists carry on research in mathematics, 
physics, astronomy, and other basic sciences on the 
basis of general scientific interest. The new Watson 
Scientific Computing Laboratory at Columbia Univer- 
sity is operated by this Department in collaboration 
with the University. 

The purpose of the Watson Laboratory’ is research 
and instruction in the various branches of science, es- 
pecially those involving applied mathematics and nu- 
merical calculation. An important function of the 
Laboratory is to serve as a center for the exchange of 
information concerning mathematical and machine 
methods and mathematical tables. Members of the 
staff offer graduate instruction in their fields of special- 
ization by invitation of various departments of the 
University; thus academic credit for work in the Labo- 





6 Ecxert, W. J., anpD R. F. Haupt, ‘‘Mathematical Tables 
and Other Aids to Computation” (in press). 

7 “Tnstruction and Research in the Watson Scientific Com- 
puting Laboratory,’’ Columbia University Bulletin of Informa- 
tion. (Continued on page 74) 





CODING AND SORTING CHEMICAL 
COMPOUNDS BY MEANS OF PUNCHED CARDS' 


Dwrune the war it was necessary to carry out large- 
scale test programs to find efficient insecticides, insect 
repellents, rodenticides, fungicides, antimalarial com- 
pounds, chemical warfare toxicants, and other applica- 
tions of chemical compounds. In some of these cases 
little work on such a scale had been done previously; 
there were few clear leads for any particular types of 
compounds. ‘The only possible method was a general 
screening program to test available compounds: for 
each type of action. 

Now that the wartime needs are past, more deliberate 
and effective programs can be organized. It is desirable 
to inspect all compounds that have been tested in some 
particular way to see if the active compounds have 
similarities in chemical structure. If such combinations 
are found, future work along these lines can be directed 
with more hope of realizing a good percentage of effec- 
tive compounds. 

In order to carry out correlation studies of chemical 
structure with biological properties, a system of classi- 
fying and inspecting chemical compounds is required. 
Existing systems of indexing compounds, although 
satisfactory for their intended uses, are not suitable 
for this new purpose of examining parts of structure. 
The alphabetical nomenclature system used in Chemical 
Abstracts does file together compounds having similar 
“index” structures, but does not allow selection of 
particular constituent groups. Empirical formula 
classification shows nothing of structure. The Beilstein 
system and the corresponding system developed by the 
Survey of Antimalarial Drugs enable the investigator 
to index a compound in a unique position, but closely 
related compounds having slight variation in sub- 
stituent groups often occur in widely separated loca- 
tions. None of these systems allows inspection of all 





1 Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 
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Chemical Codification Subcommittee, 
National Research Council, Washington, D. C. 


parts of the structure of classified compounds at once. 

The National Research Council has sponsored the 
development of a system of classification for use in 
correlation studies of chemical structure with biological 
activity. This will be used in conjunction with the 
screening test program for organic compounds being 
instigated by the N.R.C. under the direction of Dr. 
W. R. Kirner. It was decided that machine-sorted 
punched cards should be used in the work so that large 
numbers of compounds can be compared quickly in 
several different ways: Although this system has been 
developed for chemical-biological correlation studies, 
similar work can and should be carried out in many 
other applications of organic compounds. 

Drs. D. E. H., Frear, E. J. Seiferle, and H. L. King 
at Pennsylvania State College have worked on the 
problem of filing and examining compounds tested as 
insecticides and fungicides in their studies on the 
relation of chemical structure to toxicity. The system 
of classification that they developed has been success- 
fully used for their file of several thousand compounds 
and is the basis for the system developed by the Chemi- 
cal Codification Subcommittee of the National Research 
Council. This subcommittee, under the chairmanship 
of Dr. C. C. Stock of the Sloan-Kettering Institute for 
Cancer Research, has as its members Drs. Frear and 
Seiferle, Dr. Drake of the University of Maryland, 
Drs. Haller and Hall from the U.S.D.A., Drs. 
Rouiller and Wardell of Edgewood Arsenal, Dr. 
A. M. Patterson of Chemical Abstracts, Mr. Churchill 
of Johns Hopkins University, and Mr. Morgan of 
the National Research Council. The committee has 
been working in close cooperation with the Army 
service groups, the Navy, Government bureaus, the 
U. S. Patent Office, and individual chemists who 
are interested in the project. The code that has 
been developed has reached the stage where we wish 
to have it examined by many chemists for comments 
and suggestions. We expect many ideas for additional 
uses for the code with slight modifications. 

The code is designed to describe the structure and 
constituent groups of any chemical compound. It 
can be used with any machine-sorted punched card 
with one card for each compound. Our examples will 
use the IBM card and machine since we had one of 
these machines available in developing the code. 

For each compound the card having 80 columns is 
divided into five sections (Figure 1). The first of 
these is.a serial number of six digits to identify the 
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compound and relate it to the master file which will 
contain references and other data. Thus, six columns 
can take care of one million compounds by serial 
number. 

The second section of 14 columns gives the empirical 
formula of the compound. Exact’ numbers of atoms 
are given for carbon, hydrogen, bromine, chlorine, 
fluorine, iodine, nitrogen, oxygen, and sulfur. This 
takes 11 columns since two each are allowed for carbon 
and hydrogen. The next three columns show the pres- 
ence of all additional elements. One column has 
specific punches assigned to the 11 most commonly 
occurring elements so that any one or combination of 
several of these may be shown. The next two columns 
give the atomic number of any other element. A 
thorough survey of Chemical Abstracts has shown that 
this arbitrary system will successfully describe prac- 
tically all organic compounds. Special punches have 
been allowed for compounds having more elements 
than are shown by this system. This empirical formula 
is for organic compounds only; the problem is much 
simpler for inorganic compounds. 

The third section of the card, 40 columns, ade- 
quately describes the structure of any compound. 
These columns are divided into 10 groups or fields of 
four consecutive columns each. The structure for any 
compound is broken down into groups of atoms which 
can be identified as units, such as the COOH, CHO, 
and urea structures. Examination of thousands of 
compounds has shown that their structures can be 
described with an average of four or five such groups 
per compound. A few complex compounds may have 
eight or nine such groups. The ten fields allowed 
on a card are considered sufficient for practically all 
compounds, although special punches are available to 
show 11 or more groups. 

The fourth and fifth sections, having 20 columns 
total, are devoted to relevant physical properties and 
biological data. Since only a brief record of biological 
data can be included in the 10 to 15 columns allowed, 
the serial number can be used to relate the chemical 
card to a second card containing detailed biological 
data. This will not always be necessary. Another 
N.R.C. committee with Dr. McKeen Cattell of the 
Cornell Medical School as chairman is working on the 
biological codification scheme. 

The code uses the system devised by Dr. Frear and 
his associates in which the groups making up a com- 
pound are arranged in decreasing order of complexity. 
Families are established according to the empirical 





TABLE 1 


Sample Families 


0 (CH)NOSX B (CH)OS 
1 (CH)NOS Noncyelic groups M CZrings 
2 (CH)NOS Cyclic groups N CH Noncyclic groups 
3 (CH)NOX P CH Cyclic groups 

4 (CH)NSX Q Zrings ‘ 

9 (CH)NS R Ionic groups attached to C 
A (CH)OS oe “ not ‘“ “a 46 





Cyclic groups 


Cyclic groups 
Noncyclic groups 
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constitution of each group (Table 1). The most com- 
plex groups making up the first family contain halogen; 
nitrogen, oxygen, and sulfur in addition to carbon and 
hydrogen, which are always assumed to be present. 
An example would be a chlorosulfonamide. The 
second family contains only nitrogen, oxygen, and 
sulfur in addition to the carbon and hydrogen. The 
other families proceed in order (Table 2). 





TABLE 2 
(CH)N Noncyclic Groups 


geist) Soe 





Biguanides 
Guanidines 
Diazoamino 
Azo, diazo 
Diazonium 
Hydrazones 
Hydrazines 
Quaternary ammonium 
Amines, tertiary . 
secondary 
primary 


F10 
F 


Imines 
Cyanamides 
Nitriles (cyanides) 


Isonitriles (isocyanides) —NC 





Each structural group is described on the card by a 
four-digit figure. The first digit is the family designa- 
tion from one to nine and on through the alphabet. 
Space is thus left for further refinements. The second 
and third digits identify the particular structure within 
a family, using numbers 01 to 99. Actually, in all 
families many spaces are left so that unused numbers 
are available for structures that have been missed in 
making up the code or that are not yet known. The 
fourth digit designates how many times the group 
occurs in the compound being described (Table 3). 





TABLE 3 
Sulfanilamide 


—NRFA;2 


<< SPs 


162 





F52 


| 
SO.NH: 


. —SO.NH; % 
1621 F521 P85l 





Sulfanilamide would have the 162.1 code number 
since the 100 family is for carbon-nitrogen-oxygen 
groups, the 62 designates the unsubstituted sulfonamide 
group, and the 1 shows there is only one such group in 
the compound. In most cases two families have been 
assigned for each type of empirical constitution, one 
for noncyclic and the other for cyclic forms. For 
example, the F family codes carbon-nitrogen struc- 
tures, such as amines, cyanamides, guanidines, and 
diazo structures, while the G family codes carbon- 
nitrogen heterocyclic forms, such as are found in 
pyridine and quinoline. 

The groups that are described are not just the 
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functional groups but include every part of the com- 
pound. The position of the atoms in the compound 
cannot be shown exactly so that all position isomers 
will be coded alike as long as their constituent groups 
are alike. Ethyl propionate and propyl acetate are 
coded identically since each contains three groups: 
the ester, two carbons in a chain, and three carbons in 
a chain. On the other hand, p-aminophenol is coded 


with the hydroxy, the amino, and the phenyl groups, - 


whereas phenyl hydroxylamine, an isomer, is coded 
with the phenyl and hydroxylamine groups. We 
believe that the groups chosen will adequately describe 
the structure of any compound for the purpose of com- 
paring it with other compounds. 

Because of the multiplicity of heterocyclic groups, 
an original mathematical scheme has been devised 
for their codification. The first digit within the family 
indicates the number of members in a ring, and the sec- 
ond digit the number of carbon atoms in that ring. The 
carbon-nitrogen heterocyclic structures, for example, 
make up the G family; pyridine is coded as G65 
because it is a six-membered ring containing five 
carbons. Fused structures use this same system, being 
broken down into their component single ring struc- 
tures. Hexamethylenetetramine, which is made up 
of three fused six-membered rings each containing 
three nitrogen and three carbons, is coded as G63.3. 

The carbocyclic structures are treated differently, 
each of the most common structures being identified 
with a separate number. A few examples are benzene 
or phenyl, cyclohexadiene, cyclohexene, cyclohexane, 
anthracene, benzonaphthene, and phenanthrene. The 
structures not occurring commonly are grouped to- 
gether under one number. For instance, all single 
rings containing three or four carbons are given the 
code number P97. 

Two methods have been developed to code the 
organometallic and inorganic constituents. These 
have been designated Plans A and B. Plan A, which 
is currently preferred by the committee, involves the 
placement of the organically-linked elements into 
family R, and the inorganic groups into family S, with 
specific rules to define this separation. The groups 
in family R are limited to structures having the central 
inorganic atom linked directly to carbon. An example 
of a typical R group is found in ethanephosphonic 
acid, CeH;PO(OH)2, in which the phosphorus atom is 
given the number R15.1 (family R plus atomic number 
of element). Family S, under this system, includes 
those inorganic atoms not linked directly to carbon, 
such as the phosphorus in the phosphate radical. As 
in family R, the code number consists of the family 
designation, S, plus the atomic number. Triethyl 
phosphate has three ethyl groups plus $15.1 to show 
one phosphorus atom, and S08.4 to show four oxygen 
atoms. 

Plan B, which is also under consideration by the 
committee, involves the separation of the organically- 
linked and inorganic groups on a chemical basis into 
three families. The first of these includes the or- 
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ganically-linked elements and radicals, the second the 
cations, and the third the anions. This plan, although 
perhaps more chemically sound than Plan A, becomes 
quite complex in practical application. For this reason 
it is being studied further by the committee and will 
not be presented at this time. 

The groups are punched on the card in family order 
so that columns 21 to 24, the first field, will always 
contain the most complex group. By this system, 
however, no one group will always be in a certain field 
but may occur in any position across the card de- 
pending on the number of earlier groups for that 
compound. For instance, in p-aminophenol the hy- 
droxy group, 60, is coded in the second field, but in 
hydroxyaminoquinoline the H60 is in the third field 
since the amino and heterocyclic carbon-nitrogen ring 
are punched in the first and second fields. At first 
inspection this sounds as if selecting a certain group 
would be a long tedious process of sorting in every 
field across the card. Actually, the sorting can be so 
organized that a majority of the cards are eliminated 
immediately and the work involved is not prohibitive. 

The correlation of chemical structure with biological 
activity may be approached from either the chemical 
or biological angle. For example, all compounds hav- 


ing a certain: combination of constituent groups could 
be selected and then examined by machine for their 
biological activity. On the other hand, the cards for 
compounds having a high degree of activity in some 
biological application could be selected and sorted for 


general survey of common structural characteristics. 
The physical properties could be treated the same. 
Mention has been made earlier of special punches. 
For columns in which only single digit numbers are 
desired, punches 0 to 9 are used. The other two 
punches at the top of the card, called the 11th and 
12th punches, can be used individually or together for 
special meanings. In this way such characteristics 
as isotopes, radioactivity, the presence of unusual 
elements, and more than ten structural groups in a 
compound can be indicated on the card. It is antici- 
pated that individual investigators will use these 
punches for data in which they are especially interested. 
As an example of the mechanical process of sorting, 
we might wish to select all amino sulfonamide com- 
pounds like the biologically important sulfanilamide. 
The 525 compounds that we have as examples repre- 
sent almost every type of organic compound. In order 
to eliminate most of them we can sort in the empirical 
formula section to select all compounds containing 
two or more nitrogen atoms and one or more sulfur 
atoms. The next criterion for the desired compounds 
is that they contain a sulfonamide group which will 
be 160, 161, or 162. To select these, we sort in column 
21 for 1. Those that have 1 must further be sorted 
in column 22 fora 6. This must be repeated in every 
field until the compounds show a group in the 2 family 
or in some later family. We then know that there can 
be no 100 on these cards. The sulfonamides selected 
are then sorted in the same way for F50, F51, and 
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F52—amino groups. This combination of using the 
empirical formula and searching the fields, taking care 
to eliminate first all cards that cannot possibly fit the 
requirements, enables us to find desired cards quickly. 

For your interest in the practical side of this work, 
the most time involved is in coding the compounds. 
We have found that after some experience a chemist 
can code between 30 and 50 compounds per hour de- 
pending on their complexity. The punching by a 
trained operator can be carried out.at the rate of 100 
compounds an hour. The machine will sort cards at 
about 25 thousand an hour. We visualize the work 
of sorting as being done occasionally as problems 
arise, not continually. 
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Files of punched cards can be maintained in any 
desired order (serial number, empirical formulas, etc.) 
by sorting the cards at the end of each work period. 
Filing the cards in order, however, is useful only when 
it serves to reduce the number of cards to be sorted. 
It might be desirable in some cases to have duplicate 
cards, one for each type of data that is recorded. 

The punched cards do not add any knowledge to 
what is known, nor can the machines think. The 
value of the system is that it selects all available data 
of any type for statistical analysis and comparison 
quickly. 

We hope that you will send us your comments, 
ideas, and questions concerning the code. 


SOME APPLICATIONS OF PUNCHED-CARD 
METHODS IN RESEARCH PROBLEMS IN 
CHEMICAL PHYSICS' 


T'xerz is considerable interest in the use of punched- 
card machines in research institutions, for use in classi- 
fying and extraction of information, besides the normal 
uses for which the machines were designed. On account 
of the expense and efficiency of these machines, it is 
desirable for an institution investing in such an installa- 
tion to have a wide field of problems in which the ma- 
chines can be used. It is the purpose of this paper 
to indicate various fields of physical-chemical research 
in which they are valuable or open up new approaches. 

Numerically the machines are limited in capability 
to addition, subtraction, and multiplication. New 
machines are appearing which can divide. On the other 
hand, they can do a vast quantity of such elementary 
operations, and therefore any mathematical operation 
consisting of a finite number of such steps can be done 
on machines. Perhaps the most fruitful feature in 
research will be the sorting, comparing, selecting, and 
collating features of the relay parts of the machines. 
These possibilities really belong in the field of symbolic 
logic and hence are so general as to be hard to define, 
but perhaps the illustrations given below will be in- 
dicative. 


REPETITIONS OF OPERATIONS 


The simplest property of punched-card machines is 
their ability to carry out any given operation, such as 
ab + cora—e-*, a large number of times; a hundred 
thousand repetitions is not considered unusual. This 





1 Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 
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particular property is not so valuable in physical and 
chemical research as in certain problems of applied 
mathematics. A start has been made in computing 
tables of mathematical functions for very small in- 
tervals in the argument. It is to be hoped that tables 
of interest to physicists and chemists will be considered. 
An example on a somewhat smaller scale is the cal- 
culation of thermodynamical quantities, such as free 
energies, from empirical equations, for example, the 
free energy, 
F=a+0bRTInT + cT? + dT? +... (1) 


where T is the absolute temperature and a, b, c, d, ... 
empirical constants. Tables of RT log T, T?, T*, 1/T 
have been constructed for each degree Centigrade or 
Fahrenheit. The evaluation of F for all temperatures 
for which the constants a, b, c, d can be expected to 
hold can be done readily, and can be done for a large 
number of compounds at the same time. 

There we see the first advantage in machine methods. 
It is as easy to evaluate equations of this type for 
10,000 values of 7 as for 100. Thus tables requiring 
no interpolation are available. It is also practically 
as easy to evaluate these equations for all compounds 
of interest or likely to be of interest. In this way the 
physical chemist has more information tabulated than 
he needs. Such complete tables are of great assistance 
in constructing phase diagrams. Normally, triple 
points and the like have to be estimated and several 
evaluations of equation (1) in the neighborhood to be 
evaluated. This tediousness is avoided in routine 
methods. 
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A problem involving a few more characteristics of 
punched-card methods is the evaluation of partition 
functions for compounds with which all the thermody- 
namic functions can be found simultaneously. The 
partition function is 


Q = Zexp — E/kT (2) 


where the sum is over all the energy levels E of the 
molecule or system. When the E’s are the harmonic 
vibrational and rigid rotational levels of molecules, the 
summations in equation (2) can be simplified analyti- 
cally. There remains the evaluation of Q at tempera- 
tures of interest. This is the same as discussed in 
equation (1); but there is a new feature, in finding the 
exponential of —H/kT. This is a tedious job to do 
with printed tables. One of the great contributions 
of the collator is the method of evaluating the function 
of any argument. A master table of cards, bearing 2 
and f(x), is key-punched from printed tables (or 
possibly derived by punched-card methods). The 
detail cards bearing x, for which f(x) is needed, are 
sorted on x and collated with the master table so that 
each master card z is followed by all the detail cards 
with that value of z. Then the value f(z) is “gang 
punched” from the master on all the following detail 
cards of that value of z. 

In actual cases the E’s, 7. e., the vibrational and rota- 
tional levels, do not follow any simple law by which the 
summation can be carried out easily. In this event, 
we merely evaluate Q term by term—the number of 
terms hardly influencing the labor by machine methods 
at all. In this way we avoid the evaluation of com- 
plicated expressions, all forcing of data to fit formulas, 
and use the original data (term values). We thus ob- 
tain more reliable values of Q. 


THE STOCHASTIC APPROACH 


The reduction of manual labor brings the stochastic 
method in research very much into favor. The direct 
analysis of X-ray, electron diffraction, and absorption 
spectra is impossible in most cases. The only approach 
is the trial-and-error procedure of assuming a structure 
and valculating what the observed spectrum should 
be. Machine methods were introduced .by Pauling 
and associates in X-ray and electron-diffraction de- 
termination of structures. They have been also used 
to analyze absorption spectra. 

In the latter problem the method has its chief ad- 
vantage in the analysis of spectra of molecules of three 
different moments of inertia. In this type the position 
and intensity of lines in a spectrum do not follow any 
simple law, and only a few such spectra have been an- 
alyzed. 

First there is the calculation of the rotational energy 
levels (designated by the quantum numbers J, K +1) 
of the upper and lower vibrational states for the three 
assumed reciprocal moments of inertia a, b, c. 


2H = 2EL_,K4, (a,b,c) = (a — c) EX-,x+, (K) + 
(a+c)J(J +1) (3) 
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There E (K) is a function tabulated on punched cards 
for each level and for various values of the parameter 
of asymmetry 


K = (2b — a —c)/(a —c) 


Interpolation of this table is done by machine operation 
on a copy of the appropriate region of the table. The 
whole of the calculation of equation (3) is done very 
easily in the multiplier. 

The absorption coefficient of a line is given by 


a = ge-E/kT & (4) 


Here @ is the line strength, obtainable from a 
(punched-card) table of permitted transition probabil- 
ities. In equation (4) e-*/*? is the Boltzmann factor 
found from equation (3) by methods described above. 
The weight factor g applies only to states of certain 
symmetry which can be characterized by the parities 
of the quantum numbers J, K.:. The appropriate 
factor g can be applied to each level by automatic 
control, the relays of the machines themselves taking ° 
cognizance of the parities of the quantum numbers. 
The table of © represents all possible transitions be- 
tween the upper and lower rotational levels. The set 
of possible transitions is reproduced, and the energies 
of the upper and lower states, HE’ and E, respectively, 
transferred by controlling on appropriate quantum 
numbers. Then the line position is calculated very 
easily by ‘ 

v=n+Hh’—E (5) 


where » is the band center. This is in general a quan- 
tity we wish to determine in the analysis, so that some 
arbitrary value is used at first. 

At this stage there has been prepared a set of cards, 
one for each line in the spectrum, giving its position 
and intensity. The existence of these calculations on 
punched cards has very many advantages to the spec- 
troscopist, aiding very much in “book-keeping” prob- 
lems of analysis, besides of course representing a tedious 
amount of calculation. In addition the way is opened 
for further elaboration not previously considered in 
spectrum analysis. 

It is possible to sort the lines in increasing wave 
length and list them in the order in which they appear 
in the spectrum. The cards can be sorted on relative 
intensity to eliminate lines that would not show up 
under the experimental conditions. These eliminate 
many erroneous identifications which have crept into 
analyses. 

One of the contributions of punched cards to spec- 
trum analysis is the possibility of making the more 
complicated steps relating to- the calculated line posi- 
tion and intensity to the actual observation of per cent 
transmission. It is possible to calculate the expected 
transmission of light at each wave length, to be com- 
pared with the actual reading of the experimental de- 
tecting device—that is, in the stochastic method, the 
calculations are carried right through to the estimate 
of the actual experimental readings. No intermediate 
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step, such as the assumption of Beer’s Law, is necessary. 
Roughly, the problem is that the detector measures 


T= f"F soya [7Pemaorde saan) 


Here cd is the number of molecules in the light path, u 
the induced dipole moment; f(A) describes the slit 
shape and can be replaced to any desired degree of ac- 
curacy by 

f(A) = Tp Air (7) 


A Xd being the largest interval in wave length over which 
the absorption coefficient can be considered constant. 
Both cdy? and the p,’s in general are unknown but can 
be obtained by successive approximations to the ex- 
perimental curves. Once a spectra has been analyzed 
we have here a method then of predicting what the 
observed experimental curves will look like at any 
slit shape, width, and gas concentration. Although 
infrared spectra are of great value in analysis and other 
problems of research, one grave difficulty is the com- 
pilation of all known spectra. The absorption curves 
have a different appearance on various spectrographs, 
or even on the same instrument with different slit 
widths and gas concentrations. The punched-card 
analysis of effects of slit shape and gas concentration 
may make an index of infrared spectra more useful 
than hitherto. Finally, if the amount of gas in the 
light path is measured, the magnitude of the induced 
dipole can be estimated. 

The spectrum of an asymmetric rotor is composed 
of several hundred lines, the calculation of whose posi- 
tion and intensity is extremely laborious. Machine 
methods have shown that the stochastic method is 
applicable in making an analysis. A further step was 
possible, of analyzing incompletely resolved spectra, 
which hitherto had not yielded any reliable molecular 
constants. In these cases the efficiency of research 
is improved. The analysis of spectra is in many 
respects no more scientific than the solution of a puzzle. 
Machine methods free cerebration to more research 
and leave the analysis to a succession of numerical 
guesses, which are handled in a routine fashion with a 
minimum of supervision. 

The stochastic approach suffers for lack of proof that 
the solution is the only one.. Machine methods of 
easily trying any structure of set or constants at all 
conceivable increases the probability of the uniqueness 
of the solution tremendously. 


CONSTRUCTION OF STATISTICAL SAMPLES 


One step beyond the repetitive and _ stochastic 
methods promises to be of greatest use in physics and 
chemistry. This is the feasibility of constructing 
ensembles. First of all, however, we shall indicate a 
use of punched-card methods in pure statistics. The 
basic principle is that the number of possible cases can 
either be exactly enumerated or else a satisfactory 
large sample of the possible cases taken at random. 
This in turn is based on the fact that many problems in 
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statistics involve such quantities as the number of 
ways of taking r things at a time from n. When n is 
even a small integer the number of ways is large, and 
further calculation depends on devising analytical 
methods of integrating over such combinations. In 
practice one soon runs into severe strains to one’s 
analytical powers. The straightforward enumeration 
or sampling is exact and simplifies the problem enor- 
mously, provided the labor is done on machines. 
This has been found to be a particular advantage in 
finding fiducial probabilities from which the significance 
of the calculated value of an average or a probability 
can be estimated. This is of recurrent interest in 
physical chemistry. For example, let p be an average 
value computed from n sets of data. It is suspected 
that these n sets can be divided into two (or more) 
groups, containing r and n—r sets. The average p 
is found to be different in the set r from the set n—r, 
indicating the hypothesis that this distinction is cor- 
rect. But what is the significance of this result? 
Since r < n, the number of samples on which the aver- 
age p(r) is based has been reduced so that the error, e, 
in p(r) is greater. It usually may be so large that 
p(r) te includes the overall average p. There is then a 
suspicion that distinct values found for p(r) and 
p(n—r) would have been found even if the hypothesis 
is incorrect, merely by chance variation. 

The problem is to find the fiducial probability that 
p(r), or a value more distinct from p, would have the 
value found, 7. e., to find how many of all the possible 
selections of r sets from n would give a value p(r;) less 
than p(r). 

If the sum of all these probabilities is less than some 
predetermined value (0.1 or 0.01), called the confidence 
coefficient, the hypothesis can be assumed to have this 
degree of likelihood of being correct. 

Now since p(r;) has to be computed after each selec- 
tion, often by a difficult formula, this problem has not 
yet been solved analytically. It is extremely easy to 
solve by punched-card methods. For, if n is reasonably 
small, one can merely evaluate all possible selections, 
compute p(r;) for each one, draw a distribution curve, 
and find what are the chances of getting p(r;) less than 
the value found in the selection based on the hypothesis. 
If n is so large that "C, is too big to handle easily, it is 
legitimate at this point to take 100 or 1000 samples 
at random. Here is an example of the use of punched- 
card tables of random numbers and indicates a great 
extension of the possibilities of the very powerful 
random-number technique in statistics. 

The method of enumerating a statistical population 
can obviously be applied to statistical mechanics, in 
particular to problems where the analytical expressions 
are too difficult to evaluate. A simple example arises 
in the study of high polymers. In these systems the 
entropy plays an important role and this is, in rough 
approximation, determined by the number of possible 
configurations. The order of magnitude of statistical 
quantities of high-polymer systems can be calculated 
with the representation of polymer molecule as a series 
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of identical links joined by bonds with restricted or 
free rotation. If the segments are considered as mathe- 
matical lines, the number of possible configurations can 
be calculated readily. 

However, anyone who has handled models of high 
polymers realizes that the segments have bulk, and 
many of the configurations included in the simple theory 
are not possible because of the volume occupied by the 
segments. Attempts to allow for this in the analytical 
theory leads to extremely difficult formulas. 

A polymer of degree of polymerization N can be 
represented by a set of N cards, each one bearing the 
coordinates of the ends of the segments (7. e., points of 
rotation). Clearly, a substantial number of such sets 
would constitute a statistical assembly from which 
many interesting properties can be computed by 
counting (sorting and collating) procedures. 

First of all, however, there is the problem of con- 
structing a set of cards for one high polymer, allowing 
for the volume occupied by the molecule The first 
approach is to build up a polymer by adding a segment 
in random onentation. This is done by adding an ap- 
propriate quantity to each of the coordinates of the 
last segment. For example, if 90° valence angles 
alone (for simplicity in discussion) are considered, the 
end of the chain already formed can be represented by 
Cartesian coordinates z, y, z of integral values. The 
last but one end has coordinates x—l, y, z, for example. 
The next segment can add in one of four ways to give 
as its end x, y+l, z or x, y, z+1. We have to choose 
between adding to y or z, and in choice of sign. This 
was done by the use of random numbers. Blank cards 
are first punched, each with two random numbers, 
and the parity of one set determining the sign, the 
parity of the other determining y, z in the above ex- 
ample. An interesting problem arises that at each step 
only two coordinates can be changed (a change in the 
last coordinate increased would place the new segment 
either back along the previously added segment or 
forward in the same direction, corresponding to a 
valence angle of 100°). This is when the symbolic 
logic properties of the relays and selectors of the 
punched-card machines become extremely valuable. 
These conditions can be met. 

In practice we wish to have the valence angle at tetra- 
hedral angles, or 120°. This makes the problem 
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slightly more complicated since tetralinear or tetra- 
hedral coordinates have to be used, but the possible 
selections by means of relays can be worked out. 

The next step is then to allow for the volume of the 
molecule, 7. ¢., a segment cannot add so that it will lie 
in a region already occupied. Such additions can be 
removed after each step by collation or comparing the 
x, y, 2 coordinates of the last segment with all others, 
Actually this is a wasteful procedure and better ones 
have been worked out. 

The construction of such a set of cards (high poly- 
mers) can be done 1000 at a time, so that one soon builds 
up a statistical sample of “polymers.” 

The average distributions of length, shape, volume, 
etc., can be obtained by sorting and counting. The 
variation of entropy with N can be calculated. The 
number of times an end comes back onto a molecule 
can be determined, which is of importance in the theory 
of rates of reaction. Further advances could be made, 
é. g., calculations for a condensed phase in which differ- 
ent molecules cannot occupy the same space, and the 
resultant decrease in entropy on “condensation” 
calculated. 

Energetic considerations can be incorporated by 
sorting and counting segments lying parallel to each 
other. Polar groups can be introduced by suitable ex- 
tension of the card sets. The effects of free rotation 
could be studied by introducing weight factors by 
suitably rigging the random numbers. 

It would seem that these techniques could be ex- 
tended to the study of the statistics of other systems of 
interest to the physical chemist. 


SUMMARY 

The use of punched-cards in research problems can 
be divided into three types: (1) large scale repetition 
of simple operations, such as addition, subtraction, and 
multiplication, modified if necessary by elaborate classi- 
fication and selection; (2) making feasible a stochastic 
or trial-and-error approach to the solution of problems; 
and (3) the construction of a representative sample of 
a population for statistical analysis. 

These principles are illustrated by their use in pre- 
paring tables of thermodynamic functions of compounds 
and spectrum analysis, and the calculation of the con- 
figuration entropy of high polymers. 












TION 


etra- 
sible 


f the 
Il lie 
n be 
r the 
hers, 
ones 


oly- 
lilds 


ime, 
The 
The 
cule 
Ory 
ude, 
fer- 

the 
on ” 


an 
ion 
nd 
si- 
tic 


re- 


n= 








We? nave described an adaptation of the Keysort 
punch card, used primarily in commercial applica- 
tions, for facilitating recovery of information from files 
of bibliographic cards with a minimum of cards for 
recording the data. The cards were described, to- 
gether with the simple punches and sorting needles, 
or “tumblers,” required for their preparation and manip- 
ulation. The types of slotting of the cards, single 
hole or groups of holes (“fields”), were described and 
illustrated, together with use of a double row of holes 
to increase coverage of subject matter. An abbre- 
viated outline used for coding writing ink references 
was given as anexample. Two alphabetical codes were 
given, one of them being new. We pointed out that 
punch cards of the Keysort type can be used in a wide 
variety of ways in the analysis not only of bibliographic 
material but also for observational and experimental 
data and suggested broad applications to scientific use. 

In a second paper® we called the utility of this power- 
ful indexing tool to the attention of workers in other 
fields of science. 

In a third paper‘ the details of the applications of 
Keysort cards were given. Further possible uses were 
suggested, such as in correlation of the properties and 
use of chemicals and materials of construction and 
processes. Some new techniques were described. 

There is no essential difference in the treatment by 
punch cards of scientific data and those from commer- 
cial or sociological sources. Hoag® has described the 
use of Keysort cards for indexing union contracts and 
has referred to a California Institute of Technology 
Bulletin for details of coding. This bulletin, as re- 
vised by Jamieson,® describes the coding of 317 items 


~ and makes use, front and back, of two 8 X 8-inch cards. 


The more usual type of code printed directly on the 
card is used rather than the “‘off-the-card”’ code neces- 
sitated for our bibliographic cards which must provide 
space for an abstract. 

We have been asked questions and have encountered 


1 Presented before the Division of Chemical Education at the 
110th meeting of Am} American Chemical Society in Chicago, 


September 9-13, 
3 Cox, G. J., C.F. BaiLey, AND R. 8. Casey, Chem. Eng. News, 


23, 1623 (1945). 
3 Bamey, C. F., R. S. Cassy, anp G. J. Cox, Science, 104, 


181 (1946). 





‘ Casey, R.S., C. F. Baruey, anp G. J. Cox, J. Cum. Epvuc., — 


23, 495 crn 


5 Hoaa , Special Libraries, 37, 106 (1946). 


8 “Met oa ‘of indexing provisions of collective agreements,” 
Industrial Relations Sections, California Institute of Technology, 
Pasadena, 1941; Revised by May E. Jamieson, 1945, 16 pp. 
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GERALD J. COX 
Corn Products Refining Company, Argo, Illinois 


ROBERT S. CASEY and C. F. BAILEY 
W. A. Sheaffer Pen Company, Fort Madison, Iowa 


problems in our own work which have not been satis- 
factorily answered in published data on punch cards. 
We will attempt to clarify some of these briefly. 


FURTHER EXPERIENCES AND TECHNIQUES 


Our experiences with the various indexes on our gen- 
eral bibliographic card? over a period of two years have 
been as follows: 

Numerical Index. The “numerical index’ (note this 
index at the upper left in Figure 1) is for a general class, 
and as such is seldom used for sorting. When a number 
of new cards have been prepared and slotted, the nu- 
merical index is useful for separating the cards for fil- 
ing, for different classes usually will be filed separately. 
The uniformity of the slots in each separate portion of 
the file is visual assurance that no card is misfiled. 

For general classification one at once thinks of such 
plans as the Dewey decimal system. Difficulties arise 
with the requirement of at least six four-hole fields for 
recording the class number. For an individual user it 
will readily be seen that wide gaps will occur in the 
file, however diverse his interests may be. Large 
numbers require excessive slotting. For these reasons 
we very early abandoned such general schemes in favor 
of simple personalized methods in which items of the 
greatest interest can be represented by the simplest 
slotting combinations. As an example, the subject 
“amino acids” is represented by a single punch in the 
numerical index, though supplemented in the ‘‘classi- 
fied index’ by two four-hole fields. In these latter 
fields the individual amino acids and combinations of 
related amino acids are represented. The “direct in- 
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Figure 1. A ‘See’ card for finding publication of junior authors 
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dex” is the same for all the amino acids but with the 
possible variation at the extreme left of the index. 

Alphabetical Index. The “alphabetical index,’”’ used 
for authors, permits alphabetizing of long bibliogra- 
phies. Itis, of course, necessary to make the exact final 
arrangement by hand as the sorting is only for the first 
three letters of each name, but this operation is not 
much more than a check on the correct order of the 
names for most bibliographies. The multiple author- 
ship hole facilitates alphabetizing of junior authors. 

Selection of all the cards bearing the name of a given 
author is accomplished by several procedures. The 
system used at W. A. Sheaffer Pen Company provides 
slotting of the second and third names of multiple au- 
thorship papers in the second and third fields, respec- 
tively, but with only the first letter of eack name used. 
The Corn Products Refining Company system records 
by slotting only the first author. For this latter system 
“‘see’”’ cards (Figure 1) are made for the remaining au- 
thors. These cards are filed under “1” in the “numeri- 
cal index.” A “see” card bears the name of the perti- 
nent author, and with it are listed all associate senior 
authors together with the “numerical index’ under 
which the cards occur. 

We have made very little use of punch cards for com- 
piling lists of papers by a given author. For such a spe- 
cial purpose, the cards sorted for the author and for his 
known associates will bring to light most, if not all, the 
cards in the file. If it is the intention to use a file of 
punch cards for the compilation of such bibliographies, 
then ‘‘see”’ cards for authors should be made extensively 
if the system which records only a single author is used. 
For the completion of a personal bibliography, re- 
course will be had to other indexes, such as Chemical 
Abstracts, or to library compilations, and, as last resort, 
to inquiry of the author. 

A very frequent use of the author index is made in 
searching for a card to avoid its duplication when more 
than one abstractor is contributing to the file or when 
abstracts or titles are seen in other journals. Further- 
more, though such cards are known to be in the file, it 
may be desirable to add the references of the abstract 
journal or add abstracts from such sources. The logical 
method of search for such cards is by author. 

Date Index. The section on date is useful in the ar- 
rangement of long bibliographies since a preliminary 
chronological sort will result in orderly arrangement 
of all subsequent sorting for the authors. Chronolo- 
gical ordering of cards is frequently useful, for example, 
in the development of any topic coded in the “direct 
index.’”’ Search for papers published in any year or pe- 
riod is obviously facilitated. Selection of all the cards of 
the current and preceding year to avoid duplication, 
because of repeated appearance of abstracts, is another 
use of the date section. . 

We have used our general bibliographic card for the 
critical analysis of reports and correspondence ar- 
ranged chronologically in monthly periods. This was 
accomplished by punching decades in the two-hole 

section ordinarily used for centuries. ‘No punch” 
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signified prior to 1920; “18” stood for 1920-30; “17” 
for 1930-40; and both “17” and “18” slotted, for 1940 
to date. The unit years for each decade were punched 
in the tens field and months in the units field. The ar- 
rangement was flawless for chronological development 
of topics slotted in the “direct index.”’ It was neces- 
sary to assign a new number in the ‘“‘numerical index”’ 
for this special study to distinguish regular literature 
references in the same subject matter because of this 
different treatment of the dates. 

Direct Index. As previously described,‘ Holes 1-6 at 
the right of the card have been given a general meaning 
for most of the classes of the ‘numerical index.” These 
meanings relate to availability, patents, whether or 
not the card bears an abstract, and ideas suggested by 
reading the paper. 

Coding Practice. Coding the “direct index’’ is of 
greatest importance as the chief use of the cards is in 
locating specific subject matter. Also, here is the great- 
est limitation of space and also the greatest diversity of 
items to be recorded. 

It has been our practice to code at the lower right of 
the card information that is most generally found for a 
wide variety of subjects. Thus by Hole 7 the melting 
point of organic compounds is shown and, by slotting 
Hole 8, it is indicated that one or more boiling points 
have been given. Progressively toward the left the 
meaning of the holes becomes more specific for the sub- 
stance or group of substances that is being recorded. 
Thus for Hole 26, in dealing with lactic acid, “lactide” 
is indicated; there would be no counterpart to lactide 
for most other organic substances. This method of de- 
veloping codes is of value as it gives a pattern which 
serves well in developing codes for other materials and 
makes it possible to work out satisfactory codes much 
earlier in the compilation of a file on new material (see 
Casey, et al.,‘ for lactic acid code). 











TABLE 1 
Direct Index Code for Analytical Chemistry 
Hole* Subject Hole Subject 

7 Apparatus 20 Polarimetric 
.8 Ashing; combustion 21 Polarographic 

(a) Wet 22 Potentiometric 

(6) Dry 23 (a) Refractometric 
9 Chromatographic (b) Interferometric 
10 Colorimetric 24 Reagents 

(a) Tintometer 25 Spectrographic 

(b) Photometer (a) Absorption 
11 Conductometric (6) Emission 
12 Cryoscopic 26 Turbidimetric 


(a) Nephelometric 

(b) Scattering 
Volumetric 

(a) Acidimetry, alkali- 

metry, precipitation 

(b) Oxidation, reduction 
X-ray 
Treatment of data 


13 Ebulliometric 
14 Electrophoretic 
15 Fractional distillation 27 
16 (a) Gasometric 
(b) -Manometric 
17 Gravimetric 
18 Hydrometry 28 
19 Ion exchange 29 


* If two subjects are listed for one hole, the one following ‘‘a” 
is punched in the outer hole and the one following “‘b’’ is punched 
for the inner hole. 
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As a further example of coding, a system, worked out 
in collaboration with Mr. R, J. Smith of Corn Products 
Refining Company, for dealing with analytical chem- 
istry in general is shown in Table 1. An entire hundred 
was assigned in the ‘numerical index” for the chemical 
elements, and the numbers of each class were deter- 
mined by numbering the elements in their alphabetical 
order. (For this purpose, it is advisable to use a table 
that is complete; most handbook ‘tables do not list all 
the elements.) For each of the elements the code of 
Table 1 was followed in general, but deviations were pos- 
sible where obviously the analytical procedure was 
seldom or never applied. Section A of the “classified 
index’”’ was reserved for indication of joint determina- 
tion of elements or their compounds, 7. e., the halogens. 

The double holes in the “direct index’? may be used 
without the intermediate punch to mean different de- 
grees. Thus, by using the shallow punch, qualitative 
tests can be indicated and the deep punch means quan- 
titative analysis. This is based on the reasoning that if 
a quantitative method is applicable no qualitative 
test would be necessary. The use of both holes in one 
position is illustrated by the ‘‘a” and “‘b”’ designations 
in Table 1. 

Miscellaneous. We have decided against recording 
patent numbers by slotting because of the number of 
holes necessary for the record and because we have 
found that subject matter is usually the information 
that is being sought. In most cases, if a patent number 
is known, the author or the subject matter is also known 
and these serve as adequate clues with which the card 
can be isolated. If it is necessary to code patent num- 
bers in a small punch card file, we suggest coding only 
thousands, ten thousands, and hundred thousands, in 
four-position selector fields described later. Since the 
million digit will be ‘0,” “1,” or “2” and will not go 
beyond “3” for some years, one double-hole position 
can code this digit. In a file of between two and three 
thousand cards, with the patent numbers randomly dis- 
tributed and coded as described above, there would be 
an average of one card drop for each number selected. 
The million digit could be ignored, which would increase 
the hand sorting slightly. 

Bibliographic punch cards are not for use in card 
trays intended for the general public, even though the 
methods for sorting them are extremely simple. They 
are preeminently for individuals or for small specialized 
groups. Punch cards should be of particular interest to 
college students, since they probably have not accumu- 
lated extensive files of cards or notes in other forms 
as yet. 

If two or more individuals have started collections 
independently on different subjects and it is desired to 
bring them together in a single file, conflicts in the 
“numerical index” can be resolved by ‘‘advancing”’ one 
or more of them. Thus, if two general classes, such as 
bacteriology and analytical chemistry, have been 
given numbers in the same range, such as 1 to 50, one of 
them can be advanced to 101 to 150 by slotting the 1 in 
the hundreds fields. Blank cards for such general 
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classes can be preslotted in quantity or purchased pre- 
slotted from the manufacturers. 
Successful typewritten carbon copies can be made 


from the cards for use in two files. Clippings can be 
mounted on punch cards by the use of nitrocellulose 
or other plastic base cement as it does not curl the 
cards or leave tacky residues. On-the-cardforms can 
be mimeographed with perfect register even between 
the double holes for purposes where only a few hundred 
cards are needed. 

Double holes, when used for direct coding, permit 
each position to be given any one, but only one, of 
three meanings (in addition to 0, no punch): 1, shallow 
punch; 2, middle punch; and 3, deep punch. Two 
passes of the single-tine sorting needle are required to 
segregate. Needling the inner hole drops out No. 3, 
allows No. 2 to be swung to one side and separated; 
then needling the outer hole separates 1 from 0. 

Another way of coding double holes is to slot the 
outer hole with the shallow punch and the inner hole 
with the middle punch, which enables the outer and 
inner holes to be coded independently. 


SELECTING 


In the use of punch cards for scientific purposes, se- 
lecting from the pack of cards those bearing specific 
data or subjects is more often required than in business 
use where sorting the cards into serial order seems to 
be more frequent. Below are some suggestions for im- 
provements in selector codes and in their manipulation. 

Use of Multiple Needles. Selection is effected by in- 
serting a number of sorting needles in certain holes in a 
specially coded section so devised that the desired card 
or cards drops, and all others stay on the needles. The 
selector unit previously described for this purpose*’ 
requires that the individual needles be attached to the 
unit in the proper spaces before each selection. The 
following improvement was recently suggested. There 
are needed only a conventional single-tine sorting needle 
and a group of loose needles without handles, such as 
No. 1, 10-inch knitting needles. The sorting needle is 
inserted in one of the holes to be selected, near the 
center of the edge of the card, and the loose needles 
are inserted in the other appropriate hdles. When the 
sorting needle is lifted, the selected cards drop. 

The above procedure js specific. The same multiple 
needle technique can be used with nonselector codes, 
such as shown in Figure 1, but with the slight disad- 
vantage that cards with slotting additional to the pat- 
tern being selected will also drop. 

We have found that an unslotted card at the front 
and another at the back of the pack, from-which cards 
are to be selected, help support the selector needles. 

Selector Codes. Five-position alphabetical codes— 
NZ,7,4,2,1 and O,I,E,C,B—and the four-position nu- 
merical code—7,4,2,l1—enable cards to be sorted seri- 





i issn abit Mfgs. Bull., The McBee Company, Athens, 
Ohio. 

“8 Cooprr, P. F., The McBee Company, New York City, 
private communication, April, 1946. 
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ally, but do not permit simple selection of a given com- 
bination of letters and digits. The six-position selector 
code—7,4,2,1,0,SF47—permits numerical selection as 
well as serial sorting, but can code only to 9 in one 
field, so is not adaptable to alphabetical coding. 
Triangle Selector Codes. More economical of card 
space than the six-position selector code just mentioned 
is the five-position triangle code applied to a single row 
of holes which will select or sort up to ten in each field 





Figure 2. Triangle selector code, with symbols 
arranged in proper order to permit serial sort- 


ing also 


as shown in Figure 2. In each field the two holes are 
slotted whose diagonal columns intersect at the sym- 
bol to be coded. To select a given number from a pack 
of cards coded in this way, one inserts needles in the two 


appropriate holes in each field, and on lifting the sorting 


needle, the cards bearing the selected number drop. A 
triangular code was first seen by us on a card used by 
the Dow Chemical Company. The numbering was 
different from that shown in Figure 2 and did not per- 
mit serial sorting as described below. 

Serial sorting of a group of cards small enough to be 
handled on the sorting needle at one time is accom- 
plished by needling each hole with a single-tine needle 
from right to left, keeping the cards which drop always 
in the same position relative to one another, and plac- 
ing them at the back of the pack after each pass of the 
needle. Preliminary rough sorting of a larger group of 
cards is accomplished by needling the holes from left 
to right, accumulating in separate piles those which 
drop when each hole is needled, and later fine sorting 
each pile by needling each hole from right to left, as 
described above. 


NEW SELECTOR CODE 


We suggest the use of the triangle code combined 
with double holes as illustrated in Figure 3. To code 





Figure 3. Improved triangle code, using double holes, permits se- 
lecting and serial sorting of twice as many symbols as single hole tri- 
angle code 
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the upper symbol in a given square, the left-hand posi- 
tion is slotted with the shallow punch and the right- 
hand position is slotted with the deep punch. To code 
the lower symbol, the left-hand position is slotted with 
the deep punch and the right-hand position slotted 
with the shallow punch. 

The slotting of the left position, shallow or deep, in- 
dicates whether the upper or lower symbol, respectively, 
is coded. 

This new system permits selecting by inserting the 
needles in the appropriate holes, then lifting the sorting 
needle. The cards may be serially sorted by needling 
the upper and lower holes in each position in order from 
right to left, placing at the back of the pack the cards 
which drop out after each pass of the needle, keeping 
them always in the same position relative to one an- 
other. Large groups of cards may be rough sorted into 
groups for subsequent fine sorting by needling the 
lower, then the upper, hole in each position, left to right. 

Fields of four positions each may be used to code 
units, tens, thousands, etc., in a numerical index, and 
permit sequence sorting and also selection. This takes 
no more positions than the single hole 7,4,2,1 numerical 
code which does not permit selecting. This system is 
sufficiently economical of card space that it may also be 
used for alphabetical selecting and sorting as will be 
described below. 

Alphabetical Selecting. To facilitate alphabetical 
coding, we made a study of the alphabetical distribu- 
tion in the first, second, and third letters of proper 
names, as they occur in the Author Index of Chemical 
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Percentages of Initial Letter of Proper Names 
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TABLE 3 
Percentages of Second Letter of Proper Names 
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Percentages of Third Letter of Proper Names 
Private bibliographies 
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Abstracts, in ‘American Men of Science,’’ and in two 
small private bibliographies. (Tables 2, 3, and 4). 

Mce- (and Mac-) and Sch- are the initial combinations 
of letters which occur most frequently and are coded 
separately so that such names may be subdivided fur- 
ther by coding in the second and third letter fields the 
two letters which follow Mc- and Sch-. Six double-hole 
positions permit the initial letter to be coded as indi- 
cated in Figure 4. M, and S; in the figure are ‘‘M before 
Mc” and “S before Sch,” respectively, and M2 and S2 
are ‘“M after Mc” and “‘S after Sch,” respectively. 





Figure 4. Improved double-hole triangle code applied 
to initial letter of proper names permits not only serial 
sorting but also selecting cards according to name. 


If the principal interest 
is in selecting, a three- 
position double-hole code 
may be used for the sec- 
ond letter as indicated in 
Figure 5. This is justi- ° 
fied by the alphabetical 
distribution in the second 
letter of proper names 
shown in Table 3. In 
cases where the second 
letter BAX “EO "3" 
or “O,” the selection will be exact. Where “C,” 
“H,” “L,” “R,” or “others” represents the second 
letter, some hand sorting will be required, although 
where the first letter and the third letter are selected 
precisely such hand sorting certainly will not be ex- 
cessive. Coding ‘‘Mc” and ‘‘Sch” as the first letter 
would greatly reduce “‘C”’ as a second letter. 

The six-position double-hole field shown in Figure 6 
can be used to code the third letter. Table 4 shows that 
EK, L, N, and R occur most frequently as the third letter 
in proper names. The six-position double-hole field 


Figure 5. New code applied to 
second letter of proper names. 
Alphabetical distribution of sec- 
ond letter permits abbreviated 
code and economy of card space 








Figure 6. Third letter of proper names coded with new sys- 
tem, which permits selecting as well as serial sorting 


can code 30 symbols, four more than the 26 letters of 
the alphabet, so the extra four places are used in Figure 
6 to split E, L, N, and R according to whether the 
fourth letter of the name, which follows E, L, N, R, is 
in the first half of the alphabet or the second half. 

Thus, three letters may be coded using only 15 posi- 
tions, the same number as is required'by three five- 
position single-hole fields (NZ 7,4,2,1 or O,I,E,C,- 
B) and the latter codes cannot be used to select a com- 
bination of letters with only a single pass of the select- 
ing needles. rh 

The above 15-position field for alphabetical selection 
may be used for serial sorting, but the second letter will 
not sort into perfect order and will require some hand 
sorting. If it is desired to sort into perfect order as well 
as effect perfect selection, three six-position fields may 
be used, requiring only three more positions. 

An additional advantage of the triangle type of code 
is that the digit or letter may be read directly from the 
code on the card without the necessity of referring to, 
or remembering, a combination of letters or figures, 
or both. 
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Subject Coding. The same system with slight 


changes can be used to code three or more letters of 
subjects. Instead of initial symbols Mc- and Sch-, one 
might need Ch-, Chem., Di-, Tri-, or Ph-, etc. Vowels 
would still occur most frequently as the second letter. 


OTHER SELECTOR CODES 


There are other compromises and devices for effect- 
ing selection in numerical and alphabetical sequences 
which, in our opinion, are inferior to the above system, 
but which may be applicable to some uses, particularly 
cards which are already printed. 

Since the 7,4,2,1,0,SF selector field can code only 0 to 
9 in one field, we suggest an adaptation as shown in Ta- 
ble 5 which can code 15 numbers in one field. To code 
a number in the left vertical column, the holes to be 
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and “American Men of Science.” A name is coded 
with the number representing the alphabetical interval 
in which that name occurs. In order to select cards 
bearing a specific name, the number is selected which 
represents the interval in which that name occurs. The 
cards which drop from the pack are then hand sorted. 

The alphabetical distribution in the Author Index of 
Chemical Abstracts differs from ‘American Men of Sci- 
ence”’ in that the former contains more foreign names, 
and also patents issued in the name of companies 
(“Imperial,” “I. G. Farben,” ‘Inter-”’ occupy about 36 
pages in the last decennial Author Index). Neither 
list contains “Anon.” If a bibliographic file contains 
many anonymous references, it is possible to figure out 
an extra combination in most selector files to provide an 
additional number for “‘Anon.” 





TABLE 5 
Improved Six-Position Selector Code 


TABLE 6 
Equal Alphabetical Intervals 
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slotted are indicated by the numbers in the same hori- 
zontal line in the table. The SF (Single Figure) posi- 
tion is slotted when a single figure (0,1,2,4, or 8) is to 
be indicated. The zero position is used also to indicate 
“double figures.” 

To code the alphabet in a single field, this code can be 
used with a double row of holes by slotting the outer 
row (A to M) with the shallow punch and the inner row 
(N to Z) with the middle punch. 

It is not as easy to select or sort cards slotted with 
the middle punch as it is with a punch which permits 
the cards to drop completely free of the needle. When 
sorting such a file, the needle or needles are inserted in 
the appropriate inner hole positions, and after the 
slotted cards have dropped about a quarter of an inch, 
it is then necessary to insert another sorting needle into 
one of the corner holes (which are never slotted), then 
withdraw the sorting needles, and lift the needle in 
the corner hole, which permits separating the cards 
which dropped. 

Another device for selecting names from an alpha- 
betical list is to assign numbers, usually 1 to 100, to al- 
phabetical intervals representing approximately equal 
distribution. 

Table 6 gives lists compiled from Chemical Abstracts 


B* A 


A-. Ku- 

All- Lam- 

And- Leb- 

B- Lev- 

Bam- Lit- 

Bat- Lue- 

Bel- Me(Mac)H- Mc(Mac)F- 
Bi- Mall- Me(Mac)N- 
Blo- Mas- Mark- 
Bow- Mei- Mau- 
Bri- Mid- Mes- 
Bru- Moe- Milli- 
Bur- Mot- Mor- 
C- Nad- Muc- 
Nev- Nea- 
Nos- No- 
Oll- Ols- 
Coll- Pal- Pan- 
Cop- Pea- Pec- 
Cre- Ph- 

D- Pol- 

Daw- Pro- 

Det- Ran- 

Don- Rel- 

Dun- Rip- 

Edw- Ros- 

Enl- 


Fir- 
For- 
Fri- 
Gar- 
Gie- 
Goo- 
Gre- 
Gui- 
Ham- 
Harr- 
Hav- 
Hend- 
Hig- 
Hof- 
Hos- 
Hum- 
Irv- 
Jep- 
Jonn- 
Kel- 
Kin- 
Knu- 
* A—C. A. Author Index, 1927-36; B—‘American Men of 
Science.” 
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ROUND TABLE DISCUSSION. Indexing and 
Classifying Results of Chemical Research in 
Relation to Punched-Card Investigations 


Participating: 
J. W. PERRY, Massachusetts Institute of Technology 
ROGER ADAMS, University of Illinois 
E. J. CRANE, Chemical Abstracts 
HOWARD K. NASON, Monsanto Chemical Company 
AUSTIN M. PATTERSON, Antioch College 
MALCOLM F. BAILEY, U. S. Patent Office 
KANARDY L. TAYLOR, John Crerar Library 
ROBERT S. CASEY, W. A. Sheaffer Pen Company 


Mr. Perry: [In opening this discussion, I would like to point 
out its purpose. ° 

The adaptation of punched cards or other mechanical devices 
for attacking problems posed by the chemical literature is no 
simple matter. Any sound approach must of necessity take a 
broad view. Consequently this round table discussion was 
organized to provide an opportunity for expression of various 
points of view which are to be presented by representatives of the 
following groups: college chemistry professors, technical editors, 
research directors, patent specialists, librarians, and industrial 
chemists. Each participant will be speaking as an expert in his 
own field of specialization rather than as an expert in punched- 
card techniques. 


Proressor ApAMs: My remarks will be exceedingly brief be- 
cause, as a matter of fact, I was assigned to the Punched-Card 
Committee at a time when I was not present, and my knowledge 
of punched-card techniques is very, very limited. 

However, the Board of Directors of the American Chemical 
Society has recognized the importance of punched-card tech- 
niques and the possibility of using them to acquire information 
from the chemical literature in shorter time than usual. We are 
so much interested and we are so convinced that it is just a ques- 
tion of time before punched-card techniques are accepted and 
adapted in many, many libraries that we are watching this de- 
velopment very carefully and feel that the Board of Directors 
should have a committee of its own to keep it informed as to what 
is going on. 

This next year we shall probably support something financially, 
in order that, as soon as possible, we can have the data collected 
from the various concerns and libraries which have an interest in 
these problems. We can then screen it and write it up in such a 
way that we will have available, for anybody who cares to have it, 
the background of what is known. This may, of course, stimu- 
late more rapid progress in the future until we have something 
widely adaptable and of service to all chemists. 


Dr. Crane: I could second the motion as to what Dr. Adams 
has said—speaking this time for Chemical Abstracts instead of the 
American Chemical Society, which in a certain sense is the same 
thing. We are very much interested, of course, in anything that 
speeds progress. We are looking into these things thoroughly. 
There are a few observations of a general nature which I can 
make. One very general statement is that I think one should go 
forward carefully and slowly in a thing of this sort to be sure to 
get started right. ‘ 

I don’t like to talk very much about punched cards because 
years ago, when I was just a lad, I heard a professor make a state- 


ment which I’ve always remembered. Somebody said to him ina 
discussion, ‘‘Everyone has a right to his own opinion.’”’ This 
professor spoke up right away, ‘‘No he doesn’t—unless he knows 
something about it.” 

Well, I don’t know so very much about punched cards yet, 
although I am trying to learn, so I would much rather listen than 
talk. 

I would like to emphasize the fact that, as I see things now, the 
use of punched cards in the distribution of literature would have 
to be supplementary to the present distribution of information by 
means of published abstracts and indexes. One thing about 
punched cards that worries me is the fact that they leave out the 
human element on one side of the equation. The user of an index 
has to meet the producer of an index part way for the best results. 

I think of punched cards, as I see them now, as better adapted 
to more or less narrow problems than to the handling of the 
whole of chemistry and related fields—but I do not despair that 
there can be an extension. 

One of the enormous problems, of course, in connection with the 
use of punched cards is this matter of classification. Classifica- 
tion has limitations. It has to be produced and it has to be used; 
getting those two factors together, as I see it, provides a limitation. 
to the use of punched cards. 

Of course, the distribution of information by published ab- 
stracts and indexes, which can go to all and which can be produced 
very cheaply, is inexpensive. You would have to pay a lot more 
for your service in the punched-card form. 

I don’t want to take more than my share of the time. How- 
ever, I would like to make one final statement. My hope with 
reference to this whole business is that there will be still further 
developments in the not too distant future, which may leap clear 
over that classification problem, the biggest stumbling block. 
Possibly electronic devices may be able to do that. 


Mr. Nason: Our own interest in punched-card techniques is 
motivated primarily by the fact that the technical literature today 
is so voluminous and so complex that a very great portion of any 
scientist’s time on a particular problem is used up merely in ac- 
quiring the necessary background with which to work. By 
scientists, I mean not only chemists and physicists, but also the 
librarian scientist and patent scientist. Merely acquiring a 
working bibliography of the literature entails a great deal of 
drudgery. If any substantial part of this could be taken over: 
by some reliable form of mechanized device, the effectiveness of” 
any worker would be greatly increased. 

It is obvious to anyone who begins to investigate punched-card 
methods that they are doing a great many things. Indexing, of. 
course, is one. Correlation studies are another. 
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As you remember from the discussions at Atlantic City, it is 
possible actually to put. the original literature on the punched 
cards if it is desirable to go that far. But, at least for the present, 
our interest is primarily in indexing. If we can index chemical 
literature so that instead of spending a number of days or weeks 
acquiring the preliminary bibliography with which to work we 
could turn this task over to a battery of machines with trained 
operators which would give us the same results in a fraction of 
that time, the productivity of the research scientist can be in- 
creased markedly. Of course, this does not in any way eliminate 
the necessity for original contact with the literature, as Dr. 
Crane has emphasized. Certainly, no investigative scientist can 
ever do a good job unless he is familiar at first hand with the per- 
tinent literature on his subject. If, however, we can relieve the 
scientist of routine work involved in compiling his original refer- 
ence list and put in his hands in a relatively short time simply a 
list of the pertinent citations, we will indeed have accomplished a 
great deal, 

In addition to indexing the printed literature, we are, of course, 
interested in making available more widely information that is an 
important part of our research assets—that is, data from previous 
researches contained in confidential company reports. Here 
again, it is in many cases extremely difficult to locate pertinent 
data which may have been well worked out 15 or 20 years ago, but 
which is now buried away in a file someplace, and’ the existence of 
which is well known to relatively few people. If we can code data 
of this kind on cards which are susceptible to mechanical collec- 
tions, we should then not only speed the work of the scientist, but 
increase his effectiveness by making available data which he 
might otherwise overlook. 

The first attempt actually to do anything along the lines of in- 
dexing runs into the problem which Dr. Crane has mentioned— 
that is, of classifying and coding. This difficulty, as he pointed 
out, is very great. 

It is perfectly practical to index limited fields of knowledge, and 
the use of punch cards of one type or another is well established 
for this sort of thing today. Collections of: literature on limited 
fields can be made much more useful to the individual worker in 
this way. However, indexing very wide fields is much more 
difficult, and the importance of having an index right the first time 
cannot be overemphasized. If we do not have it right when the 
classification system is set up, we will find out only two or three 
years later that it doesn’t work. In the meantime, we have in- 
vested very important assets, both time and money, in something 
that is not of permanent practical value. So again, it must be 
emphasized that if the use of the punched-card technique is to be 
a practical one, we must go at it slowly and carefully and make 
certain that the indexing, coding, and classifying are well worked 
out so that we don’t have to go back and try again in the future. 

We are certainly very much interested in the work that this 
division and the American Chemical Society are doing in these 
lines and are anxious to cooperate in any way we can. 


Dr. Patrerson: I am just a learner in this matter. I was re- 
minded of a Biblical expression, ‘‘And they all with one accord 
began to make excuse” that they were not experts, and I have 
this excuse to make too. 

Talking with different people, I find there are different impres- 
sions about the value of punched cards and am reminded of the 
difference between an optimist and a pessimist. The optimist is 
the person who sees the punched cards, and the pessimist is the 
one who sees the holes, 

But I am impressed with the amazing possibilities of punched 
cards; that’is one unpunched area. 

I have been told that the total number of electrons in the 
universe is ten to the 79th power. If this is true, then there are 
enough spaces on one of these cards for every electron to have a 
serial number and leave a column over. Even that does not show 
the full possibilities because by using only one column to indicate 
different codes, you can start off the second column with nine or 
ten different codes, so that not only the number of single codes, 
but also the number of subcodes, is infinite. Therefore, I don’t 
think we need worry about the possibilities. 
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Two or three of my general impressions: One is that this is not T 
going to drive out the older techniques. They all have their uses, @ rap! 
and this is a valuable new tool. Also, I think we must recognize J grea 
that this technique has the characteristics of machines, and fairly § tim: 
complex machines—I mean machines more complex than screw At 
drivers or hammers. Whether it pays to use a machine or not § leas’ 
depends on certain factors, as you know, and one of them is the clas: 
amount to which the machine is going to be used—the extent of 9 pur} 
operation. Now, to offset that, we have different kinds of § ansv 
punched cards. The individual chemist will probably find one of § ques 
the simpler sorts all that he needs; but if the need is greater, if W 
there is more work to be done, if it has to be done faster, then the § clas: 
more complex machines can be used. If necessary, these ma- § punc 
chines can be placed in centers larger than those of the individual § tion 
chemists—with the large chemical companies and at documenta- § purp 
tion centers where jobs can be done for individuals. will 

As to present uses, we have seen from the papers that the use of § class 
the machines in chemical statistics and computations is already Is 
considerable. I wil 

From the paper of Dr. Frear and his colleagues and from Mr, § Offic 
Morgan and Mr. Churchill we have learned that a code is well on § of th 
the way for selecting compounds according to the characteristics J ing a 
that are present in them. It seems to me that the next move § ties. 
after the statistics and computations is the production of a series If 
of punched cards and a code, so that you can pick outofalarge § Pate 
number of compounds those which have the particular character- § that 
istics that you are looking for. physi 

I would like to point out that here is where one of the values of § woul 
the new tool comes in. In an alphabetic index you can do only a Lil 
little bit of classifying, but on a punched card you can set the § know 
machine to any part that you wish. On one of these cards that § becau 
Mr. Morgan was talking about, you can set it to the chemical 
properties, the physical properties, or the biological properties. ME 
It is more effective in that way. You have a classification of B ake 
several kinds at once, and you can select the one you wish to use. paren 

Now it seems to me that later—a little more complicated—is Isl 
the question of author indexing. If it is an automatic index that 9 nq |; 
you want, the punched cards seem practical and feasible, pro- Fir 
vided you can limit the name of the author, the title, and the § youic 
reference to the space possibilities of a card. If the technique is J joarq 
used in other lines, it should be usable in chemistry. Seatie 

When a chemist comes to subject indexing, there, it seems to § fo, 
me, is something that will take a good deal of work and a good § ;, Kye 
deal of thought, because subject indexing is such a complex punch 

matter that it is going to be a question as to how to do it. them 
You can index every particular compound, but how can you §& statis; 
index all the various ideas in articles? I don’t say that it is not The 
feasible at all. I just say that it is going to take a great deal of B cards 
work and thought, and it is not going to replace the present type BF using 
of subject index._ using 
There is also one other thing, and that is the use of it with Libras 
classifications. Dr. Taylor of the Dow Chemical Company has § mont 
worked out a scheme of classification based on the Beilstein bibliog 
system for coding organic compounds. You may have seen the § gidorir 
article by Dr. Wiselogle and his colleagues in the JouRNAL OF Is if 
CHEMICAL EpucaTIon, on a system of classification which they Bf pecesg 
have worked out for chemical compounds; and just before this B ang 
round table, Mr. Rosa explained the system of classification in § answe; 
the Patent Office. Seec 
I haven’t any judgment on those three systems, but it seems to § answe, 
me it should be possible to apply punched cards to them so that many 
you can have a punched-card classification of compounds and Har 
assign code numbers to all the individuals. I would like to suggest § into oy 
that, if possible, there ought to be one accepted classification in- § to the 
stead of several separate ones. annual 
f 
Mr. Battery: The work of the Patent Office is the examining of ie. ‘ 
applications for patents. Every application for a patent contains & they y 
a disclosure in some technical field. The work of the patent ex- B they y 
aminers is the developing of a bibliography of all publications B amoun 
containing disclosures pertinent to the disclosures of the applica- & afford, 
tion that he is examining, followed by an analysis of those dis- B books 
closures and a comparison with the disclosure of the applicant. any say 
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The most time-consuming task is the development of the bibliog- 
raphy of all pertinent prior disclosures. We have, therefore, 
great interest in any system or any means which will reduce the 
time required to develop such a bibliography. 

The punched-card technique seems to offer one answer or at 
least one partial answer to that problem. Every system of 
classification that is developed, is developed for some particular 
purpose. In the Patent Office we develop our classification to 
answer the needs of patent searching, but it does not answer all 
questions of search that exist even in the Patent Office. 

When the search is for properties of substances, since we don’t 
dassify on that basis, the search is very long and tedious. The 
punched-card technique seems to offer an answer to the proposi- 
tion of having a single classification which can be consulted for the 
purposes for which it was developed, and an auxiliary toit which 
will make available the characters of information that basic 
classification does not provide for. 

I am not a chemist, but since there are so many chemists here, 
I will try to use an example from chemistry. In the Patent 
Office classification, carbon compounds are classified on the basis 
of their chemical constitutions. No means are provided for find- 
ing all compounds having particular chemical or physical proper- 
ties. 

If the punched-card system was superimposed upon the 
Patent Office classification and used (as Mr. Morgan has shown 
that it can be used) to put down the properties—chemical and 
physical of carbon compounds—a great gap in our search system 
would be filled. 

Like every one before me, I disclaim any claim to particular 
knowledge of punched-card techniques. I am anxious to learn 
because it may give us the answer for which we are looking. 


Mr. Taytor: Unlike all of the preceding speakers, I shall 
make no excuse for my ignorance. As I continue, it will be ap- 
parent. 

I shall ask, very briefly, five questions related to punched-cards 


and libraries. F 

First, can the punched-card system be used in library work? It 
would probably be rash to stand here and say ‘“‘no” after you have 
heard the speeches that you did this morning, giving all the rami- 
fications and all of the multitudinous and complicated problems 
for which the punched cards can be used. Therefore, the answer 
is “‘yes.”? In fact, several libraries in this country are now using 
punched cards. But, as far as I know, no library is using 
them for bibliographic purposes. They are used mostly to gather 
statistical or cost analyses. 

The Harvard University Library is making use of punched 
cards in its Circulation Department, the University of Texas is 
using them in its Serials Department, the Library of Congress is 
using them in its Acquisition Department, the Boston Public 
Library is using them in its Financial and Accounting Depart- 
ment; but as far as I know they are not using any, anywhere, for 
bibliographic purposes, which is the primary purpose we are con- 
sidering today. 

Is it posstble to code all of the millions of cards that would be 
necessary to get all of our books, periodicals, articles, abstracts, 
and so forth, in one file or in a system of files? Of course, the 
answer is, physically it is possible. 

Second, would it be cheaper? I think that question cannot be 
answered definitely now. It would take a great deal of study and 
many other questions would have to be answered first. 

Harvard University maintains that by combining three files 
into one punched-card file, they are making a saving, in addition 
to the clerical assistance, of three thousand five hundred dollars 
annually. 

The Public Library, Montclair, New Jersey, as of today, I be- 
lieve is not ready to say they are making any dollar savings, but 
they will admit, of course, that they are getting statistics that 
they would not otherwise be able to get without a tremendous 
amount of clerical labor which they probably would not be able to 
afford. These are mostly statistical analyses of the kinds of 
books used and the type of reader using them. They don’t claim 
any savings, but they do not admit it is costing them any more, 
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Third, would it be faster? I think that might depend at least 
on two other possibilities—the type of question that would be 
asked at the library and also the arrangement of the files. I do 
not know, but I am of the opinion that on a long research problem 
the punched-card system would be faster. On shorter problems 
it might take a librarian two or three hours to work it out for the 
reader. I doubt very much if the expense involved and the 
trouble involved in coding all of this material would be worth 
while. That is only an opinion. 

As to the arrangement, I also ask this question: Is it faster to 
run through one file, having all your material in it, or have a 
series of files? Perhaps your chemistry over here, your medicines 
over there, your agriculture over here. 

Along that line is the possibility, if you should need to use it, of 
usingcoloredcards. Youmighthave yourmedicalin red—that would 
be very appropriate. You might have the chemistry blue, and so 
forth, or you might dip the edges of the cards in colors. But still 
there is always the question that will go into several files. So if a 
given question requires you to go to three files—chemistry, 
medicine, and the third one—would you still be saving time over 
the single file? Would either be faster than the present system? 

We can now, at the Crerar Library, in ten minutes give a 
reader a catalog tray with all of the cards we have on the history 
of chemistry. We go to our catalog class 540.9. However, that 
doesn’t give the reader a list for himself. 

That brings up the fourth question. Are there any real ad- 
vantages to the punched-card system? One outstanding ad- 
vantage is the fact that you can, in very short order and with 
considerable ease, supply the patron with a printed bibliography 
on any given subject that has been coded in the system. Of 
course we do not do that today, although we could with pho- 
tography. 

Is there a real need for this service? Are there enough demands 
from our readers in the large research libraries for complete 
printed bibliographies? 

That question perhaps calls up another one. If we had such 
service available, would we perhaps get more such requests? 
From my own experience, I know the shorter questions are the 
ones in predominance in such a library as Crerar. 

Of course, the fifth question refers to our system as it is main- 
tained at present. Isit tooslow? Isit too cumbersome? 


Mr. Rosert §. Cassy: Although debate and argument are 
desirable, I will have to agree with what the previous speakers 
have said. 

I suggest further that the next thing to do is to take specific 
steps to bring about some of the desirable goals which were men- 
tioned. 

The principal use of most scientific files, whether they contain 
bibliographic, laboratory, or plant data, is for the selection of 
specific subject matter. The most important feature of that use 
is multiple selection using only single cards. In order to ac- 
complish that, the first thing required is to catalog or classify or 
index the whole subject to be covered. I prefér the word ‘‘out- 
line’ to express the result of such an analysis of the subject 
matter. 

Criteria for outlining should be not words, nor even subjects, 
but should be concepts. Table 1 shows a few concepts for out- 
lining: 

TABLE 1 

MATTER 

Name 

Composition 

Function 

Properties 

Attributes 

Form 
ENERGY 

Condition or state 

Change or transfer 
OPERATIONS, PRocEssES, PROCEDURES 

Function 

Means or medium 
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If one analyzes Chemical Abstracts’ and other subject indexes 
for the kind of subject matter listed, one finds first, names and 
classes of substances. Some are listed according to composition, 
such as esters and acids, others according to function, as antioxi- 
dants and insecticides. Additional ‘‘matter’’ references cover 
attributes and forms of matter. 

Other subjects may be classified as manifestations of energy, 
such as conditions and state of aggregation, or concepts, as 
equilibria and kinetics. Finally, there are operations represented 
by analytical procedures, processes, etc. 

Although we should make some sort of a start toward the goal 
of a comprehensive outline covering all of chemistry, it would 
indicate a lot of impudence on my part to imply or suggest that 
much progress could be made toward the finished form in the five 
or ten minutes available now. 

We can at least seek some of the principles which will facilitate 
multiple sorting without using multiple cards when a single refer- 
ence bears data on several subjects or aspects of the same sub- 
ject. 

One suggestion is a coarse subdivision of a subject into general 
classes under each of the aspects indicated in the table: form, 
composition, etc. Items listed under each of those classes should 
be consistent—that is, you would find in the “composition” in- 
dex a metal, an alloy, or a plastic, but not such entries as “‘refrac- 
tory” or “abrasive.” The latter are functions and would be 
coded in the ‘‘Function” index. Whether the material is in the 
form of pumps or piping or what not would be indicated in the 
“Form” index. 

This principle permits coding of each of these aspects on a 
separate portion of the card. In other portions of the card these 
main subjects may be subclassified. 

To illustrate an immediate application of some of these 
principles to a limited subject, we have suggested! punched cards 
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for making more readily available commercial technical data on 
chemical engineering materials and equipment. 

We propose that suppliers and manufacturers print their techni- 
cal data on standardized punched cards and code the latter 
according to name, supplier, composition, form, etc., on separate 
portions of the card. These cards then would be furnished to 
users in lieu of the great mass of catalogs, advertising circulars, and 
bulletins that clutter up most of our desks and which are usually 
thrown away without being read. A subscriber to this service 
would sort his punched-card file and select the card or cards bear- 
ing information on the material or equipment he wanted. 

The advantage to the supplier would be the assurance that in- 
formation concerning the material he manufactures would come 
to the attention of a potential user. 

This would probably have to be handled by a commercial 
promoter, like an advertising agency selling circulation to an ad- 
vertiser. It might be done by an A. C. S. publication or com- 
mittee. Obviously, there would have io be adequate coverage of 
both suppliers and users to make the service valuable to both 
groups. 

Another advantage of such a scheme, or the need for such a 
scheme, is the fact that technical data of that sort is not in a form 
which can be covered in Chemical Abstracts. 

In order to develop the outline necessary to make this kind of 
information available, I discussed the matter with Professor 
Grove, Head of the Chemical Engineering Department of the 
State University of Iowa. For Masters’ theses he plans to assign 
the outlining and collection of a bibliography on various chemical 
engineering materials as library research projects. 

I agree very heartily that none of these punched-card projects 
should be attempted on a large scale prematurely. Applications 
should be only to limited subjects until outlines and principles are 
proved. 

We need suggestions from many sources to contribute to the 
outlines. 


PUNCHED-CARD TECHNIQUES AND THEIR APPLICATIONS TO SCIENTIFIC PROBLEMS 


(Continued from page 57) 


ratory may ve counted toward advanced degrees at 
Columbia and other universities. The facilities of the 
Laboratory are available to scientists on the basis of 
scientific interest in the problem; this interest may 
arise from the numerical problems involved or from the 
probable results of the investigation. 

The standard commercial machines form the basis of 
most of the programs outlined above, but in some cases 
special machines have been built by IBM to meet 
special requirements. Among the earlier of these were 
the Difference Tabulator at the Statistical Bureau which 
was used mostly for correlation studies, the Calculation 
Control Switch at the Astronomical Bureau which pro- 
grammed the operation of the installation for sequence 
calculations involved in the numerical solution of dif- 
ferential equations, the Factorial Multiplier at the As- 
trenomical Bureau, and the Matrix Multiplier at 
Chicago. 

Among the newer special machines are the following: 

The IBM Sequence Controlled Calculator at Harvard 
has greater capacity and more complete sequencing 
control than any other calculator. 

The Relay Calculators at Aberdeen, Dahlgren, and the 
Watson Laboratory have less capacity and more limited 
sequencing possibilities than the Sequence Calculator 


but are much faster. They operate by means of relay 
networks instead of adding wheels. 

The Card Operated Typewriter was developed in re- 
sponse to the demand for a device which will read data 
from punched cards and record it for reproduction by 


offset or similar methods in those cases where the 


highest standards of legibility and style are required. 
Several different models have been produced; the one 
used at the U. S. Naval Observatory for the production 
of the American Air Almanac and other tables is the 
best example of an automatic table-printing device. 
A similar machine will soon be available at the Watson 
Laboratory.® 

The Punched Card Recording Equipment on the wind 
tunnels at the California Institute of Technology, Cor- 
nell, and other places records the data from the instru- 
ments directly on punched cards where they are avail- 
able for automatic numerical work. 

The Card-Controlled Measuring and Recording Ma- 
chine under development at the Watson Laboratory is 
designed primarily for the measurement of astronomical 
photographs. It will locate the star image by means of 
pre-computed coordinates on a punched card, measure 
its precise position, and record the measurement on the 
card. 
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é PRESENT-DAY PROBLEMS IN OBTAINING 
FOREIGN SCIENTIFIC PUBLICATIONS’: 


Since the specific problems of the acquisition of 
scientific literature are for the most part particulariza- 
tions of the general problems of acquisition, I propose to 
present briefly a résumé covering recent and present de- 
velopments. 

Early in 1942 a firm of printers associated with the 
Alien Property Custodian’s republication program 
borrowed certain volumes from the Library of Congress’ 
set of Beilstein’s ‘‘Handbuch” and proceeded with 
deliberation, but with full permission, to slice the backs 
and the bindings off them so as to make photo-offset 
reproduction as nearly perfect as possible. Quite apart 
from the act of heroism involved (you appreciate how 
hard it is to separate a librarian from his bindings), this 
act Was & very meaningful one; for in it was vividly 
represented the extent of the dependence of our own 
wartime research upon the bibliographic assistance of 
our enemies, as well as the extent to which this biblio- 
graphic information was at that time unavailable in this 
country. Before the war Beilstein was the accoutre- 
ment of well-stocked chemical libraries; as a result of 
the APC republication there are now some 11,000 
additional sets available, and the bibliographical re- 
search equipment of the country is that much the 
greater. 

On the eve of World War II there were being pub- 
lished in one foreign country—Germany—according to 
Sperling’s ‘‘Zeitschriften- u. Zeitungs-Addressbuch,”’ 
some 7000 periodical publications, exclusive of news- 
papers. Although much, perhaps most, of this material 
was unimportant from the point of view of American 
libraries, yet the remainder included principal journals 
in many fields of research and industrial activity. At 
that same time—in 1939—one important American 
general research library, the New York Public Library, 
was receiving currently 2964 German periodicals; and 
another library, the Library of Congress, had 1736 sub- 
scriptions to German periodicals placed with German 
dealers alone, aside from other subscriptions placed with 
American dealers.and titles receivedby copyrightdeposit 
and international exchange. I mention these figures as 
indicative of the extent of publication in one field—peri- 
odicals offered for sale—in one country before the war, 
and also of the extent to which two large general re- 
search libraries felt the necessity of making these ma- 
terials available to their readers. 

Extensive and costly as these prewar acquisitions 
were, they turned out later, as some of you may have 
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had personal experience in learning, to be insufficient 
Our prewar foreign acquisitions, both for individual 
libraries and for the country as a whole, assumed on the 
part of our people either a complete lack of interest in 
or, at the very least, a lack of necessity for precise 
knowledge of vast areas of the earth’s surface and of the 
political, social, economic, linguistic, industrial, and 
other activities carried on by the human beings inhabit- 
ing those areas. Before the war we could afford to be 
vague or lacking in accuracy in many affairs, or we could 
wait to write for information, or we could go to see. 
Only after our entry into the war, when none of these 
possibilities was permitted to us, did we find that our 
previous acquisitions of foreign maps and other geo- 
graphical materials, of technical and scientific publica- 
tions, of material relating to educational and financial 
systems, and so forth, were insufficient. While we had 
increased our acquisitions of the ‘important’ books and 
of the journals listed in the professional bibliographies, 
we had neglected the important books of lesser im- 
portance and the journals which were not forced upon 
our notice by frequent citation. 

And, just at that moment of course, our mest im- 
portant sources of foreign publications dried up. Every 
librarian remembers those early anxious days when he 
hoped to get his German subscriptions, now through the 
Netherlands, now out of Genoa or Lisbon, and finally— 
a dim hope—through Vladivostok. Libraries attempted 
to pool their interests and to secure special favors from 
the warring powers to permit the flow of book materials; 
but it was almost a relief when at last all dependence 
upon commercial arrangements had to be given up. 
Meanwhile the reduction of availability of printed in- 
formation applied not only to Axis publications; war- 
time hazards of transportation and wartime restrictions 
on both the amount and kind of publication markedly 
reduced our access to information even from those 
countries which were later to become our allies. 

And so, with our entry into the war, a curtain fell 
which cut us off from normal access to supplies of in- 
formation at the very moment at which that informa- 
tion had just become vital. 

I believe that no general report has as yet been made 


of the methods employed by the United States in meet- 


ing this situation. Should it ever be made, it will make 
most interesting reading. Some of the methods neces- 
sarily partook, to a high degree, of the character of 
espionage; and even the case of the Library of Con- 
gress—not a war agency—involved a certain amount 
of what may be called “‘astuteness.”” In any event, by 


the end of the war, through its own activities and those 
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of certain other agencies—notably the Army, Navy, 
OSS, State Department, and OWI—the Library of 
Congress had been able to secure some 12,000 German, 
10,000 French, and 7000 Italian books, all published 
within the war period (check lists of these have been or 
are being published), quite apart from large supplies of 
maps, periodicals, and newspapers. These were quanti- 
ties far exceeding the prewar norms. In the field of 
journals the Library of Congress maintained and pub- 
lished, as ‘‘a Check List of Certain Periodicals,” a union 
catalog of some 3000 scientific and technical periodical 
publications from Axis and’ Axis-occupied countries, 
showing the location of individual issues wherever they 
might be found in some 125 libraries throughout the 
country. Finally, in order to make available to 
American research generally the current Axis publica- 
tions which were being brought into the country and 
also to supply the need for older scientific manuals and 
treatises, the Alien Property Custodian undertook the 
republication program whereby, through the media of 
photo-offset and microfilm, about 600 book and 200 
periodical titles were made available, covering a wide 
range of technical and scientific publications. 

So much for the subject of foreign publication pro- 
curement during the war, the excitements of which were 
focused principally upon the publications of our enemies, 
both eastern and western. For World War II was one 
in which dependence was placed, as I suppose never be- 
fore, upon what in military terminology are generally 
called “documents,” so that at one time the merest 
scrap of enemy paper had its value for one purpose or 
another. It was a war in which a pamphlet found in a 
German army surgeon’s tent after Alamein might con- 
vey information which could save the long expense and 
delay of a project in research in a new sulfa derivative, 
and in which the trends of enemy policy and action were 
studied through the changing shades of meaning and 
varying emphasis given to particular words in the dis- 
patches printed in his provincial newspezners.. 

With the close of the war the problem of the acquisi- 
tion of foreign scientific publications became involved 
with the general question of the release of the scientific 
and technical information gathered during the war but 
withheld from publication due to considerations of 
military security. Planning on this front had been done 
well in advance of the termination of the war in OSRD 
and other places, and action came soon thereafter; by 
Executive Order 9568, June 8, 1945, the President 
issued directives for the release for publication of such 
information and established the Publication Board to 
assist in carrying the directives out; and these arrange- 
ments were specifically applied in subsequent Executive 
Order 9604 (August 23, 1945) to information of enemy 
origin. 

The operation which has resulted from these direc- 
tives is well known and needs but a brief description. 
Under the aegis of the Department of Commerce, at 
first in the name of the Publication Board but since last 
July 1 in the name of the Office of Technical Services, 
there have been assembled in tremendous quantities the 


JOURNAL OF CHEMICAL EDUCATION 


reports of wartime research—our own, our allies’ and 
our enemies’—including also the findings of the various 
investigative agencies—TIIC (Technical and Indus- 
trial Intelligence Committees), CIOS (Combined In- 
telligence Objectives Subcommittee), FIAT (Field In- 
formation Agency, Technical), BIOS (British Intelli- 
gence Objectives Subcommittee), the Washington Docu- 
ments Center, and the Air Documents Research Center, 
Following removal of security restrictions (in which the 
Army and Navy hold veto power), these documents are 
cataloged and abstracted and then announced in the 
Bibliography of Scientific and Industrial Reports, which 
commenced in January, 1946, and which has now run to 
some 33 issues, announcing and describing some 15,000 
reports. An additional 15 to 20 thousand have already 
been indexed, and it is anticipated that the total may 
run to several millions. 

All of this material is made available quite simply. 
Following publication of the abstract, the original docu- 
ments are placed in suitable libraries in Washington— 
the Army Medical Library, Department of Agriculture 
Library, or the Library of Congress—which have photo- 
stat or microfilm services. Photocopies of the docu- 
ments may then be purchased through OTS; and in its 
first Technical Services bulletin OTS has disclosed that 
during the month of May alone copies of 21,000 reports 
were furnished under the plan. I know that at the 
Library of Congress specifically we have had to add 
night shifts of photostat operators and to make use of 
every available piece of laboratory equipment and space 
in order to cope with the demands for service on this 
material. 

An examination of the Bibliography of Scientific and 
Industrial Reports will show a very considerable share of 
the documents handled under this program fall into the 
classification ‘“‘chemicals and allied products,” and that 
either the documents themselves or the products and 
processes described derive from American, British, 
French, Russian, German, Japanese, and even Hun- 
garian sources. There remain huge untapped reser- 
voirs of data. In the United States there are the accu- 
mulations made under the various projects of the Office 
of Scientific Research and Development, the Chemical 
Warfare Service, the Army Air Forces, and other 
agencies; in Germany, FIAT, established under Mili- 
tary Government for the U.S. Zone as a feeder to OTS, 
employs a large group of research workers and a large 
battery of cameras for copying materials, while much 
technical data, e. g., aeronautic, has already been 
brought out of Germany into this country, where it is 
being examined and incorporated into reports. 

In order to expedite the release of all this information 
and to effect its dissemination beyond what the single- 
copy abstracting method can effect, OTS is securing 
publication or republication in extenso of especially im- 
portant reports and is also importing in multiple copies 
the current issues of certain technical periodicals. At 
several points, therefore, and this is one, there is a tie-up 
between this program and the programs of the Library 
of Congress for the importation and distribution of 
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European materials, for the distribution of residual 
stocks of printed or processed but hitherto undistributed 
U. S. documents, and in particular for the distribution 
of the OSRD reports as speedily as they become de- 
classified from security restrictions. 

While the activity of OTS is directed toward the dis- 
semination of previously restricted or enemy scientific 


and technical data, the Library of Congress has had in 


operation since July, 1945, a more general program for 
the acquisition of European publications of the war 
years on behalf of itself and some 110 other American 
research libraries. At the close of the war these libraries 
found themselves, for one reason and another, unable to 
purchase in Europe, whereas the Library of Congress, 
with official status and access to official channels, was 
able to do so. Consequently, with the consent of the 
State and War Departments, the Library of Congress 
undertook to acquire in multiple copies, so far as pos- 
sible, the publications of the war years needed by libra- 
ries, and to distribute these copies in accordance with a 
schedule of priorities agreed upon among the libraries 
themselves. A Library of Congress Mission was sent to 
Europe where—until commercial arrangements gradu- 
ally became available—it made purchases in Italy, 
France, Belgium, and the Netherlands. In Germany 
and Austria it still operates, having status with the occu- 
pying military forces which it assists in screening stocks 
of publications taken from military or party sources. To 
date there have been received in Washington, either 
from or through the Mission, well over 5000 cases, 
representing perhaps a million books and periodicals, 
and distribution is well under way. 

A particular service which this Mission has been able 
to perform has been in connection with the so-called 
“Leipzig books.’”’ At the time when the clouds of war 
were gathering, American libraries sent an emissary to 
the group of booksellers in Leipzig, with whom a large 
portion of all American subscriptions for German 
periodicals are placed, assuring them that if they would 
continue, as in World War I, to place subscriptions and 
hold issues until after the war, they would be reim- 
bursed. The questions ever since May, 1945, have been, 
therefore, to how great an extent had the dealers been 
able to fulfill their commissions, had the accumulated 
materials escaped bombing, and, if so, how could they 
be secured and shipped? Since Leipzig is in the Russian 
zone of occupation, answers to these questions could be 
secured only through the military government of that 
zone. Negotiations were undertaken and, for a long 
time, proceeded slowly; but eventually agreements 
were reached on all details for the evacuation of the 
materials, including pricing, and in August, with Rus- 

‘sian encouragement, the Mission took four Army trucks 
to Leipzig and came out with a first shipment of $106,- 
000 worth of held book-stocks which will go far toward 
completing the series of many an American library. 

Just as in other activities, so in the matter of foreign 
acquisitions, it seems probable that we shall be able to 
apply some of the results of wartime experience to 
peacetime practice. I have already alluded to the fact 
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that before the war the country as a whole was secur- 
ing—quite naturally—multiple copies of the most im- 
portant publications to the complete neglect of many 
lesser but, from some points of view, still important 
publications. From several sources momenta are 
gathering to change this situation. 

The best developed of these is the so-called Farming- 
ton Plan, which is under study by the Association of 
Research Libraries. This proposal, which was formu- 
lated early in the war, provides that responsibility for 
foreign acquisitions be so distributed among the li- 
braries of the country that there would be assurance of 
the existence, somewhere in the country, of at least one 
copy of every publication having research value. No 
library, it is assumed, would have to carry a burden un- 
equal to its powers, nor need any library give up the 
right to collect in any field—the bugaboo of usual co- 
operative acquisition proposals. 

The cooperative program for the.procurement of 
European wartime publications, which I have just 
described as operating under the Library of Congress, is 
in some senses a pilot project for the Farmington Plan. 
It has tested the willingness of libraries to enter into a 
cooperative arrangement, and it has helped to define 
the particular roles which individual libraries might 
play in a long-term project. 

Another pilot project of the same kind is di- 
rected toward the procurement of Russian publications. 
Numerous difficulties have arisen in the field of Russian 
acquisitions since the beginning of the war. Communi- 
cations have been most unsatisfactory; the editions of 
the publications themselves have been, due to paper 
scarcity and for other reasons, small and quickly bought 
up; and the Soviet government, like other warring 
governments, placed restrictions upon the export of 
scientific and technical data.. Meanwhile there has been 
a marked increase of interest in this country in the con- 
tent of Russian publications, evidenced by the fact that 
about 50 institutions participated last November in a 
conference on Russian acquisitions called by the Ameri- 
can Russian Institute of New York. Meanwhile, a group 
of the principal libraries is attempting to adopt a version 
of the Farmington Plan with respect to this class of 
material—namely, so to divide the fields of responsi- 
bility that there will.be assurance of the presence some- 
where in the country of at least one copy of each useful 
publication. 

Any present plans for the acquisition of foreign pub- 
lications, whether scientific or other, run into a number 
of obstacles, some of which are usual and some of which 
are residual from the war: Principal among all ob- 
stacles, of course, is the lack, in large parts of the world, 
of a record of what is published, issued sufficiently 
promptly so as to make it possible for the would-be 
purchaser to make his purchase. Subordinate to this 
obstacle in importance, but of the same kind, is the lack 
of selective lists which may serve as guides to the more 
important publications. Since such lists are now being 
produced by Great Britain and France, as in the United 
States, and since one is expected in Spain, it is possible 
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that the idea may spread. Another category of ob- 
stacles includes the lack of competent and interested 
dealers, and, even where dealers are competent and in- 
terested, the mere lack of paper and string with which 
to tie up their packages, or a tightly controlled export 
system, too often succeeds in hobbling their activities. 
Add to a!l these the still-existent shortage of paper and 
consequent quick disappearance of editions. 

In order to meet some of these impediments, at least 
on behalf of the governmental agencies, the Depart- 
ment of State has announced [Dept. State Bull., 14, 
22-5, 34 (January 6, 13, 1946)] a publications procure- 
ment program which is a very considerable extension of 
services which were available to the government before 
the war. Assignments have been made of officers in 
important foreign missions who are to have specific 
responsibility for the assemblage of bibliographic in- 
formation, for finding and making arrangements with 
dealers, facilitating negotiations, and acquiring book 
materials not in the book trade. It may be hoped that 
as this program matures its benefits may extend beyond 
the governmental to the nongovernmental libraries. . 

But, as you do not need to be told, it is not enough 
merely to acquire publications; to realize their use it 
must be possible to locate them when needed and, to be 
genuinely useful, they should be recorded also in the 
professional subject indexes where the inquirer will seek 
his references. These considerations have of course 
arisen also in connection with current acquisition pro- 
grams. 

I have mentioned the fact that the Library of Con- 
gress has published or has in press lists of its accessions 
of Italian, French, and German publications of the war 
years. But these lists, no matter what their use may be 
otherwise, are author, not subject lists. In addition, in 
the present cooperative acquisitions project which we 
are conducting, we make a record of each book sent to 
each library; and this record will be incorporated into 
the Union Catalog in the Library of Congress, which 
already has about 13 million entries and which is thus 
an unequalled finding list for books in the United 
States. But this catalog, too, is an author, not a sub- 
ject list. 

The Farmington Plan specifically provides that the 
participating libraries agree to file.a list of their acquisi- 
tions in their fields of responsibility in a central classi- 
fied catalog in the Library of Congress. This catalog 
would then be a union catalog, but it would make pos- 


sible the location of books from the subject approach. . 


There are, of course, many details to be worked out. 
Then there are the various methods of subject control 


nats 
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offered through the use of tabulating cards, which has 
been a matter of so much interest to this and other 
meetings of this Association. In the Library of Con- 
gress we are impressed with the possibilities which this 
method offers for providing printers’ copy for succes- 
sively cumulated accession lists arranged or analyzed by 
subject, and we are experimenting. 

The truth is, however, that before you can analyze 
by subject, you must have secured the publication to be 
analyzed. Conversely, indeed, little attention is likely 
to be paid to any publication which is not recorded in 
the professional literature or indexes to professional 
literature. The two go hand in hand. It is for this 
reason that the Library of Congress gives special 
privileges to a representative of Chemical Abstracts, per- 
mitting him to examine materials in process, with the 
hope that, if these materials are useful, he may be able 
to direct them to that use. 

It is interesting to note in this connection that at the 
final meeting of the Preparatory Commission of 
UNESCO in London last July, at which proposals were 
made for the program of UNESCO itself to be voted on 
at its first General Conference in Paris last November, 
this problem of bibliographic control was found to be 
common to all of the groups represented. The com- 
mittee on the natural sciences recommended that 
UNESCO organize and assist the better exchange of 
scientific information, set up regional offices throughout 
the world for the exchange of literature and information, 
and rationalize the scientific journals and abstracting 
services. The committee on the social sciences asked 
for the establishment of an indexing and abstracting 
service. The committee on media of mass communica- 
tion requested the collection of materials to be used for 
catalogs, bibliographies, abstracts, etc. The committee 
on the fine arts requested ‘‘as complete documentation 
as possible,’”’ and the committee on education wanted 
“‘biliographies, abstracts and digests, intended both for 
scholars and the public.”” The committee on libraries, 
which might have kept quiet on this subject and let 
others do the talking, also had suggestions for bibli- 
ographic enterprises (UNESCO, Preparatory Com- 
mission, Document 51, July 3, 1946). Indeed, this 
need for perfecting the means of access to the literature 
of their fields is common to the intellectual workers of 
all countries. At this moment it looks as though 
UNESCO might do something about it. And, in step 
with the perfection of bibliographic control, there 
always comes a demand for the publications themselves. 
The two operations—acquisition and_ bibliographic 
control—are opposite sides of the same shield. 
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CHEMICAL RUSSIAN, SELF-TAUGHT’ 


V. Russian Grammar 


JAMES W. PERRY 


Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


The Russian system of inflected forms may be regarded as a complex pattern 
woven from a relatively small number of sample elements and embroidered with 


irregularities. 


Discussion of the use of Russian inflected forms emphasizes various 


peculiarities apt to cause difficulty when learning to read chemical Russian. 


I. INTRODUCTION 


In order to read Russian it is not enough to 
understand the meaning of individual words as listed 
ina dictionary. It is also necessary to understand how 
the meaning of individual words may be altered by 
endings and how words are fitted together to form sen- 
tences and phrases. 

The English language makes use of endings to alter 
the meaning of words as, for example, in the words 
“acid,” “acids” or “excess,” “excesses.” In fact, it 
may be stated as a general rule that the endings ‘‘-s”’ or 
“es” are used in English to form the plural of nouns. 
Knowledge of this rule would be very helpful to a 
Russian chemist while learning to read chemical English 
as it would enable him to recognize the plural of most 
English nouns once he had learned their singular forms 
as listed in dictionaries. Exceptions to the rule, e. g., 
“man,” “men,” would require special attention. 

Russian makes very extensive use of endings. Thus, 
for example, the ending of a Russian noun depends on 
its role in the sentence, 7. e., whether subject, direct ob- 
ject of a verb, indirect object, object of a preposition, 
etc. Different endings are used depending on whether 
the noun is singular or plural. Furthermore, the end- 
ing of a noun in many of its forms depends on its gram- 
matical gender. Russians also use a similar set of end- 
ings with adjectives. The form of Russian pronouns? 
also depends on their use in constructing sentences and 
phrases. Particular attention must be devoted to 
Russian verbs, whose various forms correspond more or 
less exactly to English verb forms such as, “pour,” 
“pours,” “poured,” “pouring,” “to pour,” “to be pour- 
ing,”’ etc. 

The Russian system of endings has such extensive 


‘ Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. . 

* English pronouns also have a multiplicity of forms, e. gt, I, 
my (mine), me, we, our (ours), us. Corresponding Russian pro- 
nouns have an even larger number of different forms. 





ramifications that generalizations in the form of gram- 
mar rules are very helpful when learning to read chemi- 
cal Russian. In order to be of maximum value such 
rules must (1) be as simple as possible and (2) have a 
minimum number of exceptions. These two require- 
ments often prove to be inimical with the result that a 
compromise must be reached between an excessively 
complicated grammar rule on the one hand, and an ex- 
cessively large number of exceptions on the other. 
Since the line separating grammatical regularity from 
irregularity is necessarily arbitrary, various authorities 
(1, 3, 4, 5, 6) may present slightly different formula- 
tions of various grammar rules. 

It is essential to start reading material relating to 
known subject matter, e. g., a beginner’s text in chem- 
istry, as soon as the barest rudiments of grammar have 
been learned. In this way, as discussed in an earlier paper 
(2), a knowledge of the fundamentals of chemistry can 
be used as a powerful aid in resolving difficulties due to 
Russian grammar. During the learning period, it may 
be necessary to recall to mind certain fundamental rules 
as a means to understanding the relationships between 
words in sentences. With continued practice in read- 
ing, the need for consciously recalling grammar rules to 
mind arises less and less frequently. With sufficient 
practice, it is possible to arrive at the point where the 
significance of the various endings, idioms, etc., is 
sensed directly without being conscious of grammar 
rules at all. 

It is convenient to consider the basic principles of 
Russian grammar under two distinct headings: (1) the 
derivation of the various inflected forms (cases, tenses, 
etc.) by adding endings to various stems and (2) the use 
of the inflected forms in expressing thought. Learning 
the use of Russian inflected forms is not excessively 
difficult, as grammatical nomenclature (e. g., present 
tense, singular number, nominative case) usually pro- 
vides reliable clues to the use of the various tenses, 
cases, etc. The inflected forms themselves, on the 
other hand, present serious difficulties. In fact the 
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intricacies of the Russian system of endings are such 
that there is danger of becoming hopelessly bogged 
down in a morass of details. This danger may be less- 
ened by observing that a relatively small number of 
elements are involved in the complex pattern of in- 
flected forms. 


II. BASIC FEATURES OF RUSSIAN INFLECTIONS 
The basic features of the Russian system for inflect- 
ing various parts of speech might be summarized as 
follows. 
(1) Addition of certain definite sets of endings (7. e., 
“regular endings’’) is all that is involved in deriving 


most of the different forms of the great majority of . 


inflected Russian words. The following generalities 

concerning regular endings are important. 

(a) Many of the regular endings, in particular 

those sets of endings used with nouns and 
noun modifiers, exist in two modifications, 
commonly designated as “hard” and “soft.” 
(Tabulations of endings are presented in dis- 
cussing individual parts of speech.) 
Although some nouns and adjectives and also 
certain verb forms are inflected exclusively 
with hard endings, there are a large number of 
words? in each of these categories which are in- 
flected partly with hard and partly with soft 
endings (hereafter referred to as “mixed in- 
flections’’). 

The following phonetic rules greatly simplify 

the understanding of mixed inflections of 

various parts of speech. 

Rule 1. The letter, ‘‘s1,”’ of a hard ending is 
replaced by “nx” in deriving inflected forms 
in which “ sw” would otherwise follow im- 
mediately after either r, 2, K, X, 4, I, 
or I. 

Rule 2. Similarly the letter ‘o” of an un- 
accented ending is replaced be “e”’4 in de- 
riving forms in which “o”’ would ‘deals 
follow either «x, 4, 4, 1, or m1. 

Rule 3. In certain verb endings the letters 
“a,” “vy.” and “a” are sometimes replaced, 
respectively, by “a”, “to” and “i” (or 
“s”) in order to facilitate pronunciation or 
to render it more euphonious. 

(2) Although many of the Russian inflected forms must 
be classed as irregular, the usual regular endings 
are used almost exclusively in deriving all inflected 
forms, both regular and irregular. In general, 
irregularities in inflected forms consist of some un- 
usual change’ in one or more of the last few letters 
of the stem prior to affixing the usual regular end- 
ings. Occasionally recognition of a stem in altered 
form may involve some difficulty. For this reason 





* This is particularly true of participles, which are used as 
noun modifiers and which, quite logically, are inflected using the 
regular adjective endings. 

‘No distinction has been made between Russian ‘‘e’’ and 
sd id throughout this paper. The letter ‘‘e’’ is used for both 
Ke ”” and ‘é” in most Russian scientific picbliicahiaan: 
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it is advisable to note carefully the following types 
of stem changes involved in irregular inflections. 
(a) Alteration of the stem by removal or insertion 
of a vowel, in particular “o” or “e” or “s” 
(the soft sign). Such changes usually involve 
euphony considerations. Thus a vowel may be 
inserted between two consonants to avoid a 
consonant combination which otherwise would 
be unpronounceable or noneuphonious. Dele- 
tion of a vowel may contribute to euphony by 
shortening the word by one syllable and thus 
making the word easier to pronounce. 
Changing the terminal vowel of a stem to 
another vowel or to “nb.” 
Changing® a consonant, particularly the ter- 
minal consonant of the stem, usually in accord- 
ance with the following scheme: 


* ors T > 4 or, rarely, m 
*® or xy c > mm 

rd x > m 

q cK Or cT > 


Euphony and ease of pronunciation are the 
most important factors underlying this type of 
stem change. 
Alteration of the stem by addition, insertion, 
or removal of a single consonant or a syllable, 
_ especially -os-, -en-, or -aB-. 
(e) Combinations of the above stem anian are 
also observed occasionally. 


It is particularly important to note that irregular 
inflections in Russian nearly always involve stem 
changes and that the regular endings are used, as a rule, 
with irregularly altered stems. This fact greatly facili- 
tates recognition of the case, tense, etc., of a given form 
of a word whose inflection deviates from the regular 
pattern. In order to recognize the stem of an irregularly 
inflected word and thus understand what object, prop- 
erty, action, etc., is designated, it is necessary to per- 
ceive what alteration has been applied to the stem in 
deriving the inflected form in quéstion. These impor- 
tant points will be clarified by consideration of Russian 
inflection of individual parts of speech. 


III. NOUN DECLENSION 


(a) Regular Nouns: The regular endings for declin- 
ing nouns might be summarized as follows. 


SINGULAR 


Masculine Feminine Neuter 

Hard Soft Hard Soft Hard Soft 
. ob, -it “a “A, -b -0 

- -bI -u "8 

-+y ww -e -u -y 

sees ob, olf -y -10, -b -0 

-OM -€M -oli(-o10) -eli(-e10), -bIO | -OM 

e -@,-H -e -e, -u -e 





5 As pointed out in a previous paper (7), roots may undergo 
similar alterations in derivation of various words. ] 

6 The direction of the arrows may be regarded as reversed in 
the inflection of certain words, e.g., usBueub, to extract, 
(4 — k), usBuexy, I shall extract. 
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The grammatical gender of most Russian nouns can 
be determined by examining their nominative singular 
form’ and applying the following rules. 

Masculine Nouns: Nominative singular ends in (1) 
a consonant not followed by -5, or (2) -i. 








1 t 
, Feminine Nouns: Nominative singular ends in (1) 
ter. @ -2 OF (2) -A. 
ord: Neuter Nouns: Nominative singular ends in (1) -o, 
or (2) -e. 





Some nouns, whose nominative singular case ending 
is -b, are feminine while others are masculine, without 
being classifiable by a general rule. Note, however, 












7 This is the form ‘in which Russian nouns are listed in dic- 
tionaries. A very few Russian nouns exist in the plural form 
only, é. g., Bopora, gateway, gates, or mu, cabbage soup. 
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that nouns whose nominative singular ends in -Teyb are 


masculine while others ending in -ocTb or -ecTb are 
feminine. 

The following examples illustrate the use of hard and 
Note in particular 


soft endings in declining nouns. 


Noun  semectBo 
(substance) 
Stem _—i BellecTB- 
Endings Hard 
Nom.  BemectTBo 
Gen. BellecTBa 
Dat. BelecTBy 
Ace. BelljeCTBO 
Instr. BemecTBom 
Prep BemlecTBE 
Endings Hard 
Nom BemjecTBa 
Gen. BelljecTB 
Dat. BelljecTBaM 
Ace. BelljecTBAa 
Instr BemjecTBaMH 
Prep. BemlecTBax 


MASCULINE NOUNS 





on, B Noun rugpat npweMHuk qy4 poit 
ole, (hydrate) (receiver) (ray) (swarm) 
Stem ruypat- l1pHeMHUK- qry4- po- 
are SINGULAR 
Endings Hard Hard Mixed Soft 
Nom. ruypatT lIpweMHuk aya pot 
lar Gen. ruypata lIpHeMHuKa ay7a pos 
em Dat. ruypaty lpuemMHuky ayuy poro 
Ace. ruypat lpueMHuk ay4 poi 
le, Instr. ruy{paTom lIpHeMHUKOM ary4eM poem 
ili- Prep. ruypate lpHemMHuKe ary4e poe 
rm " PLURAL 
lar Endings Hard Mixed Mixed Soft 
rly Nom. rugpatEt IIpHeMHUKH aya pou 
Gen. ruygpaToB lIpPHeMHUKOB wy ue poes 
)p- Dat. ruypatam lipHemMHukKaM wTy4aM poaM 
er- Ace. ruypatst lpveMHuKu aya pou 
in Instr. ruypatamMu lIpHeMHuKaMa wry4amMu posmu 
Prep. ruypatax lipwemMHuKax ay4ax poax 
Or 
an 
FEMININE NOUNS 
Noun MoJIeKys1a Hayka eq MEU Teopua 
(molecule) (science) (unit) (theory) 
| Stem MOJIeKYsI- HayK- equHuL- Teopu- 
n- 
SINGULAR 
Endings Hard Mized Mixed Soft 
Nom. MoJIeKys1a, Hayka equHuna Teopua 
Gen, MOJIEKYJIBI HayKu e]HHHIBI TeopHu 
Dat. Moulekys1e Hayke equHue Teopuu 
Acc. MOoJIeKyJIy HaykKy equHuIy TeOPHIO 
Instr. MosIeKysI0# HayKol equHunet Teopueit 
(mosleKys1010) (HaykKo1) (equHuter0) (Treopuer) 
Prep. mMoJlekys1e HayKe eqtuHure Teopuu 
PLURAL 
:' Endings Hard Mixed Hard Soft 
a Nom. MOJICKYJIEI HayKu e]{MHUIEI Teopuu 
0 Gen. MOeKysJI HayK eq uHu Treopuit 
: Dat. MosIeKyJ1aM HayKaM ex M TeOpHAM 
in Ace. MOJICKYJIBI HayKH ex TeopHu 
t, Instr. MOJIeKyJiaMa HaykKaMu eq MHuTaMn TeopuaAMu 
Prep. MogIeKy Jax HayKax eqMHuIAXxX TeOpHAx 





] 


NEUTER NOUNS 


yunsuie 
(school) 
yun 


SINGULAR 


Mixed 
yuusmiye 
yunsmma 


yuusimny 
yummie 


yUHJIMIeM 


yuustmye 


PLURAL 


Hard 


yuna 
yun 


yunsIMaM 


yuna 


yunsimmamMu 
yunsimmyax 


KpuTepuit 
(criterion) 
KpuTepu- 


Soft 
kpuTepuii 
KpuTepHA 
KpUTepHtio 
KpuTepuit 
KpuTepHemM 
KpuTepuu 


Soft 
KpuTepuu 
KpuTepueB 
KpuTepuaAM 
KpuTepuu 
KpuTepuaMu 
KpuTepuAx 


COJIb 
(salt) 
coul- 


Soft 
COJIB 
coum 
coum 
COJIb 
COJIBIO 


coJIn 


Soft 
coum 
covet 
COJIAM 
coum 
COJIAMH 
COJIAX 


nose 
(field) 
logI- 


Soft 
mos1e 
NOIA 
TIOJIIO 
mou1e 
Tl0JIeM 
Tose 


Soft 
noua 
nose 
TMlOJIAM 
noun *¢ 
NOJIAMH 
TIOJIAX 


ABJIEHHe 
(phenomenon) 


SIBJICHH~ 


Soft 
ABJIeHHe 
ABJICHHA 
ABJICHHIO 
ABJIeHue 
ABJICHHEM 
ABJICHHM 


Soft 
ABJICHHA 
ABJICHHH 
ABJICHHAM 
ABJICHHA 
ABJICHHAMY 
ABJICHHAX 






‘ 


OKHCJINTeIb 
(oxidizing agent) 
okucuutedI- 


Soft 


OKHCJINTCJIB 
OKUMCJINTCIA 
OKMCJINTCIIIO 
OKMCJINTCJIb 
OKHCJINTEJICM 
OKHCJINTeJIE 


Soft 
OKHCJIMTeIN 
oKuCIUTeTeH 
OKUMCJINTeJIAM 
okficuIMTeIM 
OKUCJINTeJIAMU 
OKUMCIINTeIIAX 
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the use of mixed endings (7. e., partly hard and partly Certain irregular endings are sometimes encountered 
soft) with certain nouns. Such use of mixed endings with nouns whose declension otherwise is quite regular, 
is in accord with phonetic rules, previously summarized, Thus, nouns denoting persons, animals, and similar pax 
concerning changes in vowels following the letters r, living entities (but not parts of the body) change the C 
*K, K, X, 0, 4, W, W. accusative ending to that of the genitive for both singu- § Wo" 
(b) Irregular Nouns: A particularly important type lar and plural of masculine nouns but only for the end 
of irregularity in noun declensions consists of a stem plural of the other two genders. A similar irregularity J se 
change in which one of the vowels, ‘‘o” or “e,’”’ is either is the use of the ending “‘-y” (hard) or ‘‘-10” (soft) to § 2°Y: 
inserted or removed or interchanged with “sb” as in derive either (1) a form of the genitive used in certain § 2b 
the following examples. The importance of euphony expressions indicating amount (one form of partitive § ©! @ 
considerations in connection with this type of irregu- genitive) or in certain idioms or (2) a form of the prepo- J 8b’ 
larity has been mentioned already. sitional used after one or both of the prepositions, T-pE 


IV. 
Masculine Feminine Ne euter ( , 





Noun ocayjoK TlyshIpek TlOpmeHb " BOpoHKa Kalla KallesIbKa CTeKIIO KOJIBIIO 
i (precip- (little (piston) (funnel) (drop) (little (glass) (ring) 
itate) bubble) drop) 
Stem >I: ocayloK- mysbipek- nopmieH-  BOPOHK- Kalii- KalleJIbK- cTeKI- KOJIbI- 
Unal- 
tered 
Stem ocayik- lly3bIpbK- IlOpmiH- BOPOHOK- KallejieK- cTeKOI- kovlel- 


tered SINGULAR 


Nom. yrow KOHeI nex ocajyioK Irys3bipek NOpmieHb BOPOHKA Kalla KalleyIbKa CTeEKJIO KOJIbIIO 

Gen. yraia KOHIIa wba ocaaka Ilysbipbka nopmiBA BOPOHKH Kalin KallevIbKu cTeKuIa KOJIbIIA 

Dat. yrary KOHILY IBY ocaytky Ily3bIpbky NOpmHIO =: BOPOHKe Kale KalleJIbKe CTeKJIY § KOJIbLY 

Acc. yrou KoHeIL sex ocajloK nysbipek nopmieHb $BOpOHKy Kallio 8=—_- Ka II@JIBKy CTEKIIO KOJIbIO 

Instr. yrJIOM KOHUOM JIbJOM OCAaqKOM TysbIPbKOM NOpmiHeM BOpOHKOM Kkaliieli KalevIbKOH  CTeKJIOM KOJIbIIOM 
(BopoHKo1) (Kare) (KalebKe10) 

Prep. yrae KoHIIe wIBye ocayke llysbipbke nlopmHe BOpOHKe Kare KalleyIbke cTeKsie KOJIBITE 


PLURAL Gen. 

Nom. yruibl KOHIbI JIbQbI OcagKH y3sHpbKa NOpmHH BOpOHKH kaijin KalleyIbKw CTeKIa  KOJIbIA Dat. 

Gen. yrJIOB KOHTOB JIBXOB OCaqKOB ysHIpbKOB mnopmineli BOpOHOK KalleyIb Kallejiek cTeKOI =—- Koel Ace. 

Dat. yruiaM KOHTaM JIbqaM oOcagqKaM ysbIpbKaM OpmIHAM BOPOHKaM KallJIdM KalleyiIbKaM CTeKJIaM KOJIbIaM Inst 

Acc. yruIbI KOHIEI JIbXB OcaqKH Uy3bIpbKH OpmHH  BOPOHKH Kallim  KalleyibKu cTeKIa = KOJIbIA Prep 
Instr, yruIaMH KOHMaMM JIB{aMM OcayKaMH TysbiIpbKaMu NOPMIHAMM BOPOHKaMH KalJIMMH KalleyIbKaMu CTeKIaMH KOJIbIaME 

P rep. yruiax KOHTax JIbWax ocayiKax Tly3bipbKax TlOpmHAXx BOpOHKax KarlJlax KalleJIbKax cTeKJIax KOJIBMAaX Ir 

forn 

4 . : My é“c ”) é6,, 99 7 sim} 

A limited number of nouns are irregular with respect “Ha” and “5B. tall 

to one or more of the following: (1) gender (as deter- A few nouns are declined differently depending on ' 

: . : : : endi 

mined by rules given above), (2) stem changes other differences in meaning. Thus, sy6 (tooth) has two at 

than vowel changes mentioned above, (3) endings used. distinctly different plural declensions. i. d 

Many irregular nouns in this general category are of Singular: sy6, sy6a, sy6y, sy, sy6om, sy6e wit 


little importance to chemical Russian. Note that even Plural:  sy6ut, _p ph sy6u, syGaum, sy6ax (teeth of 
animal or person A 
with the most highly irregular nouns, the reguiar end- aytan, eylaen, uyGonn, ayGns, evtesin, weituns leng 


ings are used for many of the cases. (teeth of saw, gear, or the like) ‘ect 

WV 

Masculine Feminine Neuter the 
m : 


ria3 ypyr cybAa eHOK yTb MATb uyyo® yxo BpeMA adje 
(eye) (friend) (judge) (child) (way, road) (mother) (wonder) (ear) (time) set | 


SINGULAR only 


Nom. ras yipyr cyiba pe6eHorK lyTb MAaTb ayo J BpeMA 
Gen. ruasa mpyra cyqbu pedenka yt“ MaTepH uyna BpeMeHH 
Dat. raasy apyry cymbe peOenky nyTu MaTepu uyay BpeMeHH 
Acc. ryias apyra cyqbI0 peOenka IlyTb M&aTb uyyo BpeMA 
Instr. ras0M apyrom cynpeli pe6enkom ryTeM MaTepbIO uy]iOM BpeMeHeM! 
(cyqbe1) 
Prep. rmase apyre cybe pe6eHke nyTu MaTepu uyye BpeMeHH 
PLURAL 


Nom. ruasa py3ba cyqbu peoata lyTu MaTepH uy7eca BpemMeHa 
Gen. ras apysbeit cynei peOat nyTet mMaTepeit uy7ec BpemMeH 

ry1asaM ipy3bAM cybAM peOaTtam nyTAM MaTepAM uyjecam BpeMeHaM 
rasa apysbeit cynei peOat yt MaTepeli ayeca * Bpemena 

. PlasaMu qpysbamu cybAMH peOaTamu lyTAMu MaTepsAMH uyjecaMu BpemMeHaMi 

. Tuw1asax Wpysbax cy bAX peOatax IyTAX MaTepaAx uyyecax BpemMeHax 








8 The only other word similarly declined is ne6o (sky). 
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Some nouns of foreign origin are not declined, e. g., 
aikasiM, alkali; maguro, indigo; ryaHo, guano; 
payquo, radio. 

Case endings are not used with abbreviations of 
words formed by dropping one or more letters from the 
end of aword. Thus, for example, case endings are not 
used with the abbreviation T. mm. (standing for Temmep- 
atypa nJapyenua, “melting point’’). If, however, an 
abbreviation is formed by dropping the middle letters 
of a word, then the case endings are used with the 
abbreviation, e. g., Nom., t-pa (remuepatypa); Gen., 
T-pbt (Temnepatyps); Dat., t-pe (Temmepartype), etc. 


IV. ADJECTIVE DECLENSION AND COMPARISON 


(a) The Regular Endings: Endings used in declining 
adjectives might be summarized as follows. 


SINGULAR 
Feminine 
Hard Soft 
-afl -AA 
-ero -ol -eli 
-eMy -ol -eli 
-nii® - -1010 
-uM -oli(-o10) -eii(-e10) 
-eM -ol -eit 
PLURAL 
Masc., Fem., Neuter 
Hard Soft 
-Be -ue 
-bIxX “ux 
-bIM -uM 
-bre® -ne? 
-BIMH -41Mu 
“BIX “Hx 


Masculine 
Hard Soft 
-bii(-oH) -nit 


Nom. 
Gen. 
Dat. 
Acc. 
Instr. 
Prep. 

In spite of the multiplicity of endings the various 
forms of any regular” adjective are derived quite 
simply by affixing the tabulated endings to the adjec- 
tive’s stem, which is easily found by removing the case 
ending (7. e., either -brii, -olt, or -mii) from the mascu- 
line, nominative, singular form of the adjective as found 
in dictionaries. This procedure is practically identical 
with that followed in deriving the various forms of regu- 
lar nouns. For this reason it seems unnecessary to give 
lengthy tabulations of inflected forms of individual ad- 
jectives. 

When adjectives are used as direct modifiers of nouns, 
the endings given above are used. But when Russian 
adjectives are used as predicative modifiers,'! another 
set of endings are used as follows (these endings exist 
only in the nominative case) at the top of the next 
column. 

Irregular stem changes which frequently occur in 
deriving the masculine singular predicative form in- 
volve adjectives whose stems end with two consonants 





® This accusative ending is changed to that of the correspond- 
ing genitive when an adjective is used to modify a noun denoting 
a person, animal, or similar living entity (but not a part of 
the body). 

10 There are very few irregular adjectives, except adjectives 
which indicate possession and which are derived from nouns. 
It does not appear profitable to discuss the irregularities in 
declension of possessive adjectives in this paper. 

11 A few Russian adjectives are used only as predicative 
modifiers, e. g., pam (glad). 
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Masculine Feminine Neuter'? 
Hard Soft Hard Soft Hard _ Soft 


Singular ... -b -a “A -0 -€ 
Masc., Fem., Neuter 
Hard Soft 

Plural -BI -H 


or with the letter combination consonant-soft sign- 
consonant. In such adjectives insertion of a vowel in 
the stem frequently occurs, usually in accord with the 
following rules. 

(1) If the stem ends in “x,” the vowel ‘‘o 
serted. 

(2) If the stem ends in “x,” the vowel “e’’ is in- 
serted. 

(3) The soft sign is replaced by “e.” 

Vowel insertion occurs for phonetic reasons. Con- 
sequently no vowel insertion occurs if the stem of an 
adjective ends in a consonant combination deemed pro- 
nounceable and euphonious by the Russians. Note in 
this connection that some adjectives whose stems end 
in “HH”? insert a vowel while some others drop one 
“a.” Note also that adjectives whose stems contain 
an ‘“i#’’ may replace this with ‘“e” in deriving. the 
masculine singular predicative form. 


Adjective Stem 


”? is in- 


Masc., Sing., 
Predicative 

6nIcTp 

peqok 

ropek 

TO™weH 

T10JIOH 

6oneH 

Kucell 

WHCT 

ecTecTBeH 

OTKPOBeHeH 

TloKOeH ; 

cToeK 


OnIcTp- 
peyK- 
TOpbK- 
TOUH- 
T1OJIH- 
6osIBH- 
KUCJI- 
qucT- 
ecTeCTBeHH- 
OTKPOBeHH- 
TlOKOHH- 
CTOHK- 


6urctpHt (fast) 

peyKui (rare) 

roppKuit (bitter) 
TOUHHTH (exact) 
nomHEI (complete) 
6ompHok (sick) 
KucIE (sour) 

yucThit (clean, pure) 
ecTecTBeHHEI (natural) 
oTKpoBeHHEI (clear, candid) 
nokotntt (quiet, dead) 
ctolkuit (stable) 


Certain adjectives do not have predicative forms. A 
particularly important class of such adjectives is formed 
with the suffix, -uueck-. From them are derived corre- 
sponding adverbs ending in -uuecku-. Thus we have, 
for example, xumuueckuii, chemical (adjective), and 
xumuyecku, chemically (adverb). 

(b) The Comparison of Adjectives: The comparison 
of adjectives in Russian is characterized by several 
peculiarities. The general method of forming the 
comparative degree (corresponding to English faster, 
rarer, stronger, more exact, etc.) of adjectives used as 
direct modifiers of nouns is to use the adverb, 6outee, . 
together with the positive degree of the adjective. 
Thus, for example: 


6omee 6ricTpaa peakgua faster reaction 
6onee peqkutt Meta rarer metal 

6onee uncTad KucuoTa purer acid 

6osee TOUHEIe JaHHEIe!? more exact data 
6onee ropbKuii Bkyc more bitter taste 





12 The neuter, singular, predicative form of many adjectivés 
is used adverbially, e. g., pemko, rarely, ecrectBenuo, naturally, 
6zIcTpo, rapidly, etc. 

13 Note that the word, qanHste, is the nominative plural 
(attributive) of the passive past participle of the verb, mars, 
to give. Russian quite frequently uses adjectives and parti- 
ciples as substantives, 7. e., as nouns. 
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A few adjectives are exceptional in that they have 
simple comparative forms which may be used as direct 
modifiers of nouns, e. g., Husuni, lower (Husk, 
low); siicmmii, higher (strcoxni, high); myummnii, 
better (xopommii, good), etc. 

The predicative of the comparative degree which is 
regularly formed by adding -ee to the stem of the ad- 
jective (7. e., to the stem of the positive degree) is not 
declined at all. It should be noted, moreover, that it is 
quite common for this predicative form of the compara- 
tive to be derived irregularly by first effecting a change 
in the stem of the adjective and then adding -e (or 
rarely -ee). Such stem changes usually involve con- 
sonant shifts of the type already summarized. Since 
the same type of stem change sometimes occurs in con- 
nection with one form of superlative, examples of the 
irregular predicative comparative are given along with 
the closely related superlative. 

One form of the superlative of adjectives is formed by 
attaching the suffix -eiim- or -aiim- to the stem of the 
positive degree, thus forming a new stem which is de- 
clined using the regular adjective endings. This form 
might be termed the attenuated superlative as it is 
sometimes used to indicate a high degree of quality 
somewhat short of an absolute superlative, correspond- 
ing to English “extremely fast,” “extremely rare,” 
etc. Note that a consonant shift involving the stem 
may take place before the suffix is attached. 

Comparative degree Attenuated superlative, 
predicative form attributive form 
OnIcTpee 6nrcTpeimmit 
pee pequaimuit 
ropye or ropuee ropuaimni 


TowHee TouHelhmui 
aque yncTeiimmit 


Stem 
OnIcTp- 
peyK- 
TrOpbkK- 
TOUH- 
4HCT- 


Adjective 
6nicTprrit 
penkui 
ropbKui 
TOUHBI 
WHCcTH 


Various forms of superlative are formed as follows: 
(1) By using camsti with the positive degree of an 
adjective or with those simple comparative forms which 
can be used as direct modifiers of nouns, e. g., 
caMBIit peqKuii Metas the rarest metal 


caMBIe TOUHBIe ZaHHEIe the most precise data 
caMbiii yumuii cnoco6- =the best process 


(2) By using the adverb nan6onee or the prefix Han-. 


HanGosee pexkuit Meta the rarest metal 
HanOosiee GrrcTpan peaknua the fastest reaction 
Hausyumuit cnoco6é- the best process 
HaMBEIcuMi romonor the highest homolog 


The prefix, mpe-, is sometimes used similarly to Hau-. 
Note, however, that mpe-, when used with adjectives, 
does not always denote the superlative degree. 

(3) <A predicative form of the superlative involves 
using Bcero or scex (singular and plural genitive 
forms of Bech,” all) with the predicative form of the 
comparative degree. 


uume Bcero purest of all 6nrcTpee Bcex fastest of all 


14 Such predicative forms, both of the comparative and also 
of the superlative degree, may be used adverbially, e. g., 
6rIcTpee, more swiftly, 6zrerpee Bcero, most swiftly. 

% The word, Becb, is used both as a pronoun and as an ad- 
jective. Its declension deviates somewhat from that of a regular 
adjective. 
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V. PRONOUN DECLENSION 


The declension of Russian personal pronouns is rather 
irregular as seen from the following examples. Note, 
however, that, in many cases, similarity to correspond- 
ing noun or adjective endings exists. 


SINGULAR 
OH ona OHO 
(he) (it) (it) 
OH ona OHO 
ee (Hee!) ero (Hero"*) 


Pronoun a 
I 


Nom a 
Gen. MeHA 


Dat. 
Acc. 
Instr. 


ero (Hero?®) 


emy (Hemy'*) 
ero (Hero's) 
uM (HuM'S) 


emy (Hemy**) 
ero (Hero!®) 
um (HuM!®) 


MHe 

MeHA 

MHOH (MHOI) 

(ero) (He10"*) 
Heit 


HeM HeM 


PLURAL 
oH 
(they) 
.OHU 
ux (Hux!) 
uM (Hum!) 
ux (Hux!®) 
umu (HuMu!*) 
HUX 


Prep. ue 


Pronoun MBI 
(we) 
Nom. mu 
Gen. Hac 
Dat. HaM 
Acc. Hac 
Instr. Hamu 
Prep. Hac 


The declensions of possessive pronouns for the most 
part involve regular adjective endings as is seen from 
the example: 

Halll — OUR 


——SINGULAR—— 
Fem. 
Halla 
Hamel 
Hamel 
Hally 
Hamme (Hameto) 
Hamel 


———PLuRAL———. 
Neuter Masc., Fem., Neuter 
Hale Hall 
Hamlero Hallux 
HallemMy HalluM 
Hamme Hamu 
HalluM HalluMyu 
HalleM HamMx 


Masc. 

Nom. Ham 
Gen. Hamero 
Dat. Hamemy 
Acc. Hall 
Instr. nam 
Prep. Hawem 

The possessive pronouns ero (his or its), ee (her), 
and ux (their) are not declined. 

Demonstrative pronouns are declined mostly with 
regular adjective endings, as in the following example: 


9TOT — THIS 


—SINGULAR— PLURAL——— 
Masc. Fem. Neuter Masc., Fem., Neuter 


Nom. stor oTa, aTO 9TH 
Gen. o9Toro stot sTOrO aTHX 
Dat. stTomy sto oaTOMYy 9THM 
Acc. 9TOT oTy 9TO 9TH 
Instr. otum sTok (ator) 9THM 9THMH 
Prep. 9ToM ston 9TOM aTHX 

Space restrictions prevent discussion of various minor 
peculiarities involved in declension of other pronouns, 
particularly the indefinite and negative pronouns. 


VI. VERB CONJUGATIONS 


(a) The Durative” and Perfective Aspects: Nearly 
all Russian verbs have two infinitives, the durative” 
and perfective, from each of which various tenses, 
participles, etc., are derived. The various inflected 
forms derived from the durative infinitive of a given 
verb are used in referring to action in progress or in- 
complete or frequently repeated, while forms derived 





16 These forms used after prepositions. 
17 The durative aspect is termed the imperfective by 
various authorities on Russian grammar. 





nyo 
edb 
oto! 
nucad 
nosy’ 
NOKY! 
NOH! 
H3BAIE 
neper 
Ha0J0 
yaBat 
6part 
uBure 
oOmat 
yMup' 


TI 
varic 
by e3 
certa 
perfe 
some 
meal 
A si 
chan 
yMep 


Durat 
eTeKa 


npote 
BLITeE 
BTeKka 
HaTeK 


oTius 
NOP 


18 ‘J 
the pe 
finitiy 
rubbii 
19 
durati 
verb | 
monly 
respec 
many 
by Ru 


FEBRUARY, 1947 


from the perfective infinitive are used if the action is 
thought of as finished or as a completed whole. 

Several distinctly different devices are used to dis- 
tinguish between durative and perfective infinitives. 
In general both of a given pair of durative and per- 
fective infinitives are derived from the same root by 
means of prefixes and suffixes. The vagaries of usage are 
such, however, that any general rules are of little value 
because of excessively large numbers of exceptions. 
For this reason it is not advisable to learn individual 
infinitives and then attempt to use rules for deriving 
the corresponding companion infinitives. It is much 
more practical to learn Russian infinitives in pairs, as 
shown in the following examples. 


Perfective Infinitive Action'® Expressed 


Durative Infinitive 
qYMaTb 
TepeTb 

MBITb 

TeUb 

jle1aTb 

pacTu 

TAATb 
OuIbTPOBaTh 
nyOJIMKOBAaTb 
#KeUb 
cbororpad@upoBaTh 
nucaTb 
nowly4atb 
nokynaTb 
NOHHMAaTb 
W3BIIEKATb 
neperoHATb 
HaOTOWaTb 
waBaTb 

6paTb 
UBUraTb 
0OMAaYHBATb 
yMupaTb 


HOAYMaTb 
noTepeTb 
NOMEITb 
HOTe4b 
cleat 
BEIpacTH 
pacTaATb 
IpopusIbTpOBaTh 
oly OJIMKOBaTb 
CoKeUb 

a a 
HallucaTb 
NOY uuTh 
KYDUTh 
NOHATh 
USBIIeUb 
neperHaTb 
HaOsIOCTH 
qaTb 

B3ATb 
J{BUHYTb 
oOMOUHTE 
yMepeTb 


to think 

to rub 

to wash 

to flow 

to do 

to grow 

to thaw 

to filter 

to publish 

to inflame, burn 
to photograph 
to write 

to obtain 

to buy 

to understand 
to extract 

to distill, to overtake 
to observe 

to give 

to take 

to move 

to moisten 

to die 


The situation is complicated by the variable effect of 
various prefixes on durative infinitives. As illustrated 
by examples given above, a given prefix, when used with 
certain duratiye infinitives, merely converts them to 
perfective infinitives. The same prefix when used with 
some other simple durative infinitive may shift the 
meaning to a degree which varies with the verb involved. 
A similar shift in meaning is sometimes caused by 
changes in the stem as in ymepets (to die) and 
yMepTBuTB” (to inflict death). 


Durative Infinitive Perfective Infinitive Action Expressed 
cTeKaTb cTeub to flow away, or off, to 


rip 
to flow through, to run on 
to flow out, to leak out 
to flow in 
to flow in (in sufficient 
amount) 
to filter out 


to sign (affix signature) 


npoTeKkaTB 
BEIT@KATB 
BTeKATB 
HaTeKaTb 


mpoTe4b 
BEIT€Yb 
BTe€Ub 
HATeUb 


OTPUILTPOBATh 
noyqnmucaThb 


OTPUIILTPOBLIBATE 
NOAMMCHIBAT 





18 This column might be regarded as giving a translation of 
the perfective infinitives only. The corresponding durative in- 
finitives might be translated by ‘‘to be thinking,” ‘‘to be 
rubbing,’? ‘‘to be washing,” etc. 

‘* The perfective verb ymeprsuTs and the corresponding 
durative, yMepnisiaTb, are rather grandiose in character. The 
verb pair, yOusats (durative), yOuTs ( rfective), is more com- 
monly used with the meaning ‘‘to fall? Differences with 
respect to degree of dignity or emotional content characterize 
many Russian verb variations, which are used with great skill 
by Russian poets and literary artists. 
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to describe 

S copy, transcribe, re- 
write 

to clean, purify 

to clean up 

to clean out 

to inflict death 


OnuCcaTb 
tlepenucaTbh 


ONMCELIBaTbh 
nepenucs Tb 


HOUHCTHTB 
pOunCTUTh 
BEIUHCTUTB 
YMepTBUTB 


4YMCTHTB 
npowMMatS 
BHUHMWATb 
YMepmBIIATL 


A startling difference in meaning may exist between 


two perfective infinitives formed by affixing different 
prefixes to a given durative infinitive. 


Durative Action Expressed 


NOTYXaTb 
TYXHYTB 
TYXHYTb 


Perfective 


\ noTyxHyTb to go out, to be extinguished 


mpotyxHyTb to decay, to rot 


From the same root we also have: 


Durative Perfective Action Expressed 
3aTyXaTb 3aTyxHyTb to start to go out, to nearly go out 
TYMWHTB OTymuTB to cause to go out, to extinguish 

Other complications also are encountered. For ex- 
ample, the prefix mo-, which is used to form the per- 
fective of many verbs, is used with some verbs to indi- 
cate an action of brief duration, e. g., monucat, (to 
write a little), mountatp (to read a little). Similarly 
the prefix, 3a-, may be used to indicate the initiation of 
an action and yo- to indicate sufficiency of an action. 

Some verbs have a separate perfective infinitive” 
ending in -HyTb,” for expressing (1) an action of very 
short duration or (2) a single occurrence of an action 
ordinarily involving a multiplicity of strokes or move- 
ments. 

Furthermore, certain verbs have special durative 
infinitives?! to denote intermittent action. Thus we 
have: 


cBuctatb (durative) nocBuctats (perfective) to whistle 
nocBucTEIBaTb (durative) to be whistling intermittently 
cBucTHyTh (perfective) to whistle once or very briefly 
eTy4atTs (durative) nocry4ats (perfective) to knock 
nocTykuBatsb (durative) to be knocking intermittently 
cTykHyTs (perfective) to knock once 


Complications also arise with certain verbs indicating 
motion such as going, carrying, traveling, etc. Such 
complications might be summarized in an oversimplified 
fashion by saying that such verbs have two durative 
infinitives, one of which is used to describe the action 
when carried out to effect a definite purpose while the 
other durative infinitive is used to deséribe the action 
without reference to any particular purpose. 


Indefinite Action Definite Action 
1aBaTb IJIbITb 
(to be swimming or going by boat) 
HOCHTb HecTH 
(to be carrying, bearing) 
BOQUTh BecTH 
(to be leading, conducting, guiding) 
XOUTB MTTH (HTH) 
(to be going on foot) 
e3]UTb XaTb 
(to be going not on foot, to " traveling) 


(The list is far from complete) 





20 Note, however, that instantaneous action is not denoted by 
all verbs whose infinitives end in -nytb. A few verbs have 
imperfective infinitives ending in -HyTb, é..g., TyXHYTb. 

21 Various tenses, participles, etc., are formed from these 
special infinitives as from other durative and perfective in- 
finitives. 
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Both sets of infinitives listed above are durative 
with respect to aspect. By attaching the prefix, n0-, 
to the infinitive denoting definite action, the perfective 
infinitive of these verbs is formed. Thus we have 
IOMJILITh, to swim, noHectHu, to carry, to bear, ete. 
When, on the other hand, the prefix, mo-, is attached 
to the above listed infinitives denoting indefinite action, 
perfective”? infinitives having highly restricted mean- 
ings are formed, such as nomapaTb, to swim or sail 
for a little while, monocuth, to slander, to defame, to 
carry for a short time. 

With prefixes other than mo- corresponding durative 
and perfective infinitives are derived from the above 
listed indefinite and definite infinitives, respectively, 
as shown by the following examples. In forming such 
pairs of derived verbs, changes in the stem of the 
parent verb or in the prefix sometimes occur. 

Translation of Perfective 

to exit 

to report, to denounce, to carry to 
the end 

to lead through, to conduct through 

to transfer, to translate 

to find 

to happen, to come about, to result, 
to be derived from 

The infinitives of indefinite action may also be used 
with prefixes to form perfective infinitives as in the 
following examples. 

Durative 
BbIXa7KHBaTb 


Perfective 
BLIMTH 
qoHecTH 


Durative 


BBIXOJIUTh 
JJOHOCHTE 


IIpOBOJUTb 
nepeBOqUTB TepeBecTH 
HaXOJUTb HakTu 
NpOucxOquTb nmpo“s0iTu 


mpoBecTu 


Translation of Perfective 
to rear (children), to nurse (the 
sick) until well 
to wear out (clothes) 
to escort, to accompany 


Perfective 
BLIXOJUTB 


OHAMIMBaTb 
IIpOBO2KaTb 


JJOHOCHTb 
IIPpOBOXUTh 


Certain verbs may have a separate durative infini- 
tive (the iterative durative) which serves to emphasize 
the recurrent, habitual, or continuing character of the 
action. 


Iterative 
Durative 
ObIBaTh 
€37KAaATb 
XA7KUBATB 
3HaBaTh 


Durative 
Action Expressed 

to be, to exist 

to be traveling 

to be going on foot 

to be-knowing 


6BITB 
e€3y,HTb 
XOUWUTb 
SHATb 

In order to have a basis for coping with these various 
complications, it is highly advisable to follow the policy 
of memorizing both the durative and perfective infini- 
tives when learning a Russian verb. For example, it is 
advisable to learn the infinitive pairs, yyMaTb-lojtyMaTb, 
MCaTb-HalucaTh, OJlyuaTb-0uy4uThb, etec., when 
learning the Russian verbs used to indicate the actions 
of thinking, writing, obtaining, etc. 

However, some verbs have only one infinitive.” 
Thus a few verbs exist only in the durative form, e. g., 
comepxatTsB (to be containing), while others only in the 





22 Note, however, that this rule is not without exception. 
Thus, noxoguts is perfective when it means ‘‘to walk a certain 
amount,"? but is imperfective when it is used to mean ‘‘to be 
resembling.” 

28 Sometimes authorities may not agree as to whether or not 
a given Russian verb exists in both durative and perfective 
aspects. Thus, sHats (to be knowing) is durative, but is very 
closely related to the verb pair, ysHasats (durative) and y3HaTb 
(perfective), meaning ‘‘to realize,’ ‘‘to perceive.”? As a con- 
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perfective, e. g., cocroatsea** (to take place). Other 
verbs employ a single infinitive for both the durative 
and perfective aspects, e. g., TeslerpaduposaTs (to 
be telegraphing, to telegraph), no3yeiicrBosaTL (to be 
acting on, to act on). 

(b) Use of Endings with Verbs: 

SuMMARY OF REGULAR ENDINGS AND ORIGIN oF 
Srems: As mentioned above, a set of inflected forms is 
derived from both the durative and perfective infini- 
tives. Since the perfective inherently indicates com- 
pleted action, it cannot be used logically to indicate 
action in the present tense. This has two important 
consequences: (1) the perfective, as a matter of prin- 
ciple, cannot form present participles and present 
gerunds, and (2) the same tense endings which are used 
with the durative infinitive to form the present tense 
are used with the perfective infinitive to indicate future 
action. This dependence of the significance of an im- 
portant set of endings on the infinitive with which the 
endings are used may cause confusion unless care is 
taken to learn the durative and perfective infinitives 
in pairs as discussed above. 

The important details regarding Russian verb in- 
flections can be summarized in tabular form. This 
table presents (1) a list of endings and (2) notes on the 
origin of stems. Attention is directed to the following: 
(a) The regular endings are used in conjugating 

practically all verbs. In other words, irregularities 
in the verb endings are rare. This is a general rule. 
(B) All the various inflected forms of completely regular 
verbs could be represented as derived directly from 
their infinitives. 
If, for all Russian verbs, the infinitives are assumed 
to be the basic forms from which all other forms 
are derived, then the most important type of 
irregularity will be found to be stem change in 
‘formation of the present tense (from durative in- 
finitives) or the perfective future tense (from per- 
fective infinitives). Such stem changes carry over, 
‘with a majority of irregular verbs, into the present 
participles* (both active and passive), the present 
gerund,” and those forms of the imperative having 
their own distinctive endings. Note further in this 
connection that irregular verbs in general form” 





sequence of this close relationship ysHatb is sometimes cited as 
the perfective counterpart of sHatb. Note in this connection 
that in English the verb ‘‘to know” is sometimes used with 
perfective force. Thus the expression, ‘‘I would like to know,” 
may be used to mean, ‘“‘I would like to find out.” : 

24 The infinitive, cocroatsea, is reflexive in form as indicated 
by the ending, -ca. The reflexive is discussed in subsequent 
sections of this paper. 

% As already pointed out, Russian perfective infinitives can- 
not form present participles and present gerunds. 

% This is not true of a small number of verbs, particularly 
those whose infinitives do not end in -Tb, as for example, BectH, 
“to be leading.” Taking the infinitives of such verbs as the 
starting point for deriving other inflected forms, it will be found 
that different stem changes are required (1) to form the present 
tense (cf. following footnote) and the various forms associated 
therewith and (2) to form the past tense and its associated 
forms. With a few exceptional irregular verbs, e. g., *xeub, “to 
be inflaming or burning,” two different altered stems are used in 
forming the present tense and both of these altered stems carry 
over into other forms in a highly irregular fashion. 





FEBRUARY, 1947 


the’ past tense, the past participles, and the past 
gerund in the same way as regular verbs. Hence, 
in coping with irregular verb forms encountered 
when reading Russian, the stem of the verb in 
question can be recognized” if one knows (1) the 
infinitive and (2) the stem change involved in form- 
ing the present tense” of the verb. This important 
point is illustrated by the conjugation of the 
irregular verbs, @uubTpoBaTb and BsaATb, given 
below. 

(p) In order to avoid complications, the table sum- 
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marizing the conjugation of verbs makes no men- 
tion of the formation of the reflexive by means of 
the reflexive pronoun, ce6a, or the suffixes, -ca or 
-cb. This point is discussed subsequently under a 
separate heading. 

The verb, 6n1Tb (to be), is the only verb whose 
durative infinite has a simple future tense. All 
other durative infinitives form their future tense 
by using as an auxiliary the simple future tense of 
Onitb. (Cf., conjugation of d@uubTposaTs given 
below.) 


CONJUGATION OF VERBS 


SUMMARY OF ENDINGS 


INDICATIVE 


Present (Perfective Future) Tense 

1st conjugation 

Singular 

-y, -10 

-elb -eTe 

-eT -yT, -10T 
2nd conjugation 

Singular 

=¥5 

-HIIb 

-HT 


Plural 
Ist Person -eM . 
2nd Person 


3rd Person 


Plural 
*-1M 

-uTe 

-AT, -AT 


“Ist Person 
2nd Person 
3rd Person 
Past Tense 
Fem. 
-11a 


Neuter 
-310 


Mase. 
Singular -II 
Masc., Fem., Neuter 


Plural -c1M 


ORIGIN OF STEMS USED WITH VARIOUS ENDINGS 
Moop 


Present (Perfective Future) Tense 
1st conjugation 


Stem regularly*® derived from some infinitives by removing 
-Tb, from other infinitives by removing -aTb, -eTb, -HTb, 
-OTb, -YTb OF -ATH, 7. €., a combination of a vowel+Tp 


2nd conjugation 


Stem regularly?’ derived from infinitives by removing a com- 
bination of a vowel+Tp 


Past Tense 
Singular and Plural — All Genders 


Stem derived from infinitive. (For nearly 
removing -Tb) 


all verbs by 


Future Tense 


Durative Aspect — Formed by using the future tense of 6nrTb?® (to be) as an auxiliary with durative infinitives 
Perfective Aspect — Formed as indicated above under Present (Perfective Future) Tense 


IMPERATIVE Moop 


-H, -li, -b 
-ute, -liTe, -bTe 


2nd Pers. Sing. 
2nd Pers. Plural. 
PARTICIPLES 
Russian participles are used like adjectives 
in constructing sentences and are de- 
clined with the regular adjective end- 
ings. See Section IV (a) of this paper. 


Present active 


Present passive 
Past active 


Past passive 


GERUNDS ¢ 


Present active -A, -a rarely -104n, -yuH 


Past active™ -B, -BIIH 


Stem derived from 38rd person plural of present (perfective 
future) tense by removing -yt, -10T, -aT, or -AT 


Stem derived by removing -t from 3rd person plural of 
present tense and adding -m- 

Stem is the Ist person plural of the present tense 

Stem is derived by removing -rs from the infinitive and 
adding -Bm-, -m- or rarely -—m- 

Stem is derived by removing -ts from infinitive and adding 
-HH-*9 or less commonly -t- 


‘ 


Stem derived by removing -yt, -10T, -at or -at from 3rd 
person plural of present tense 

Stem is derived from infinitive (for almost all verbs by 
removing -Tb) 


SUBJUNCTIVE OR CoNDITIONAL Moop 


The particle, Our (or 6), is used together with the past tense, indicative of both the durative and sidtinties aspects. 
The particle may be written separately or combined with a conjunction, as, for example, in aro6sr (from 4aro+651). 


7 With perfective infinitives, the stem change involved in forming the perfective future tense is the thing to note. 


This is 


not surprising when it is recalled that the same endings are used to form both the present tense (from durative infinitives) and 


the perfective future tense (from perfective infinitives). 


8 Irregular methods of deriving the stems for conjugating the present (perfective future) tense are discussed separately in a 


—— uent section of this paper. 


e verb, 6nITb (to be), is the only Russian verb which has a simple durative future tense. All other durative infinitives use 


the future tense of 6OBITB as an auxiliary. 


30 Only one -x- is used in forming the predicative forms of the passive past participle. 


3. Certain perfective verbs with infinitives ending in -utTs or -tu form a second past gerund ending in -a or -s, e. g 
Note that the stem, Haiia-, is used to form both this gerund and the ith bi Frm future 


find) forms the second past gerund, Haig. 
tense. 


, Halitu (to 


3 Note that aro6s1, when followed by an infinitive, may be used to express purpose. 
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Regular formation** of the present and perfective 
future tenses from durative and perfective infinitives, 
respectively, is illustrated by the following: 


to be obtaining 


nouly wath, 
(present tense stem) 


noyry4a- 
Present Tense 
Singular Plural 
nloyry 4a1o nloyly 4aeM 
Moy 4aelb mloyry 4waeTe 
nosy 4aer MOJIy 4aloT 


Ist Person 
2nd Person 
8rd Person 


nozyuutTp to obtain 
nomy4- (perfective future tense stem) 
Perfective Future Tense 
Singular Plural 


noyy4y nlosly 4HM 
NOJIY Yb noj1ry4uTe 
Oy ust nowy wat 


1st Person 
2nd Person 
83rd Person 


The following examples illustrate the conjugation of 
typical irregular verbs characterized (1) by irregulari- 
ties in formation of the present tense (bunbTpoBsats**) 
and the perfective future tense (BsaTtb*) and (2) by 
derivation of other forms without further irregularity 
in accordance with the tabular summary of verb end- 
ings and stem derivations. This emphasizes the im- 
portance of the present and perfective future tenses as 
the key to the conjugation of most Russian irregular 
verbs. 


usubtTposats,*4 to be filtering 


INDICATIVE 


Present Tense 
Present tense stem, duutpy- (irregular) 
Singular Plural 
usbTpy1o usbTpyem 
usETpyemb dusptTpyerte 
usETpyer unbtpywr 
Past Tense 
Past tense stem, @usbTposa- (regular) 
Masc. Fem. . Neuter 
Singular @unstTposaa dunETpopasa dHIbTpoBas0 
Masc., Fem., Neuter 
unbTposasu 
Durative Future Tense 
Singular Plural 
6yny dusbTpoBaTE OyaemM OuJIbTPOBaTh 
6ynemb dunbtTpopath OyeTe PusLTpoBaTL 
6yneT PusbTpoBaTb 6ynyT dusbTpoBaTh 
IMPERATIVE 
Imperative stem, dunstpy- (regular) 
2nd Person singular dunstpyii 
2nd Person plural gunbtrpyiite 
: PARTICIPLES 
Present active dunbtpywomui Stem, duuprpyiu- (regular) 
Present passive dunbtpyemiii Stem, duuprpyem- (regular) 


Past active dunbTposapmui Stem, dunptTpoBasui- (regular) 
Past passive dunbTposanHbi Stem, duspTpoBausx- (regular) 


33 It should not be inferred, however, that first conjugation 
endings are always used to form the present tense and second 
conjugation endings to form the perfective future. 

34 The corresponding perfective infinitive is npodbunbTrpoBaTs 
(to filter). Formation of the perfective future tense from 
npousbTpoBaTs involves the same irregularities as formation 
of the present tense from @unbTpoBarts. 

% The durative infinitive, 6patb, corresponding to B3aTb, 
forms the present tense irregularly as is shown subsequently in 
this paper. 


Ist Person 
2nd Person 
8rd Person 


Plural 


Ist Person 
2nd Person 
3rd Person 
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GERUNDS 
usETpyA Stem, d@unstpy- (regular) 
uIETpOBaB Stem, dumptrposa- (regular) 
SUBJUNCTIVE OR CONDITIONAL 
Masc. Fem. Neuter 
Singular @unstposan 61 duubTposasa Onr duabTpoBaso bn 
Masc., Fem., Neuter 

@uubTpoBasu On 


Present active 
Past active 


Plural 


B3ATE**—to take 
INDICATIVE 
Perfective Future Tense 
Perfective future tense stem, Bo3bM- (irregular) 
Singular Plural 
BOSbMY BO3bMeM 


BOSbMeIIb BO3bMeTe 
BO3BMeT BO3SbMYT 


Past Tense 
Past tense stem, Baa- (regular) 


Masc. Fem. Neuter 
B3AJI B3AsIa B3AJ10 


Masc., Fem., Neuter 
B3AJIM 
IMPERATIVE 

Imperative stem, Bosbm- (regular) 
2nd Person singular BO35MH 
2nd Person plural BO3bMUTe 
PARTICIPLES 

Stem saab (regular) 

Stem seaat- (regular) 


GERUND 
B3AB (B3aBuIM) Stem 
SUBJUNCTIVE OR CONDITIONAL 


Masculine Feminine 
B31 ObI B3Asia ObI 


Masc., Fem., Neuter 
Plural Bsa On 

It should be noted that every verb does not form all 
the possible forms indicated by the summary of end- 
ings. As already mentioned, the perfective infinitives 
cannot form present participles or gerunds as a matter 
of principle. Various verbs, as a matter of usage, do 
not have certain forms, particularly gerunds. Such 
peculiarities of usage are of little concern to persons 
whose interest in Russian is only learning to read it. 

IRREGULAR PRESENT (PERFECTIVE FUTURE) TENSE: 
Previous discussion has already pointed out the ad- 
vantages of utilizing the present (perfective future) 
tense as a basis for coping with Russian irregular verbs. 
The stem changes involved in formation of the present 
(perfective future) tense of irregular verbs are of particu- 
lar importance in this connection. Space limitations 
prevent giving examples of each individual variation 
of the different general types of stem changes encoun- 
tered in forming the present (perfective future) of 
Russian irregular verbs. The following examples illus- 
trate the more general types of stem changes. 

1. Replacement of the syllable -os- (or -es-) by -y- 
(or -10-). This is very important in connection with a 
host of verbs adopted into Russian from other languages. 
See the conjugacion of @unpTposatp (to be filtering) 
given above. 


1st Person 
2nd Person 
8rd Person 


Singular 


Plural 


B3ABIUNH 
B3ATBIL 


Past active 
Past passive 


Past active B3A- (regular) 


Neuter 


Singular B3AI10 OBI 





% The corresponding durative infinitive is 6pats, to be taking. 
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2. Omission, addition, or change of vowel in stem. 


yMepets, to die 

ymp- (perfective future tense stem) 
Singular Plural 
ympy ymMpemM 
yMpemp yMpere 
yMper yMpyT 


6pats, to be taking 

6ep- (present tense stem) 
Singular Plural 
6Oepy 6epem 
Oepemb 6epere 
OepeT 6epyT 


MuITB, to be washing 
mo- (present tense stem) 


Singular Plural 
MOTO MOeM 


MOeIIbB mMoeTe 
MOeT MOOT 


#xuTB, to be living 


2uB- (present tense stem) 


Singular 
*RHBY 
*KUBEIIB 
*KHBET 


paciaBuTs, to melt 


Plural 
2KUBeEM 
*RUBETE 
2RUBYT 


pacnuas- (regular perfective future tense stem) 
pacnuasy- (altered perfective future tense stem) 


Singular 
pactaBJu0 
pacniaBiiib 
pacnaBuT 


Plural 
paciuiaBuM 
pacitaBurTe 
paciaBaT 


Deletion of a consonant from the stem. 


yaBats, to be giving 


qa- (present tense stem) 


Singular 
Taro 
yjaewib 
yaer 


Plural 
jjaem 
qlaeTe 
aror 


3. Consonant changes of which the most important 
types have been summarized in Section II of this paper. 
Note that the same stem may not be used throughout 
the present (perfective future) tense. 


6. Combinations of the stem changes given above 
are observed with a few verbs. 


noHaATB, to understand 


nucath, to be writing 
nmuu- (present tense stem) 


Singular Plural 
numy mumieM 
TIMMeIb nmumere 
numer nMyT 


yquctutTh, to be cleaning, purifying 
uuct- (regular present tense stem) 
unm- (altered present.tense stem) 


noiim- (perfective future stem) 


Singular 
nolimy 
nolmenllb 
nmolimeT 


yMepTsButs, to inflict death 


Plural 
nmoumem 
nolimete 
notimyT 


yMeptTs- (regular perfective future tense stem) 
yMepmpi- (altered perfective future tense stem) 


Singular 
yMepuyBI10 
yMepTBHIIB 


Plural 
yMepTBUM 
yMepTBUTe 


Singular Plural 
anny WHCTUM 
4HCTHIIB uuCcTUTe 
WHCTUT WuCTAT 


usBiieub, to extract 


MSBJIeK- : 
psa =) (perfective future tense stems) 
Singular Plural 
wsBIeKy MsByIeueM 
“3BIeveIb usByedeTe 


H3BIIedeT H3BIIeKyT 
. 


Bectu, to be leading 
Beyi- (present tense stem) 


Singular Plural 
Belly BeyjeM 
BeylenIb BeyleTe 
BeyleT BenyT 


The perfective future ¢rom nosectu, the perfective 


infinitive) is conjugated in the same way. 


Haiitu, to find 
Halig- (perfective future tense stem) 


Singular Plural 
Haliyy HaliyjeM 
Haliyelib HaliyjeTe 


HaliyeT HalilyT 


4. Addition of a consonant to the stem. Note that 
the added consonant may or may not be used through- 


out the present (perfective future) tense. 


yMepTBuT yMepTBAT 


cmeub, to inflame, burn 


COKI- : 
‘ a) (perfective future tense stems) 


Singular Plural 
COmry comzKeM 


commerTe 
cOmryT 


CO Keb 
Cow KET 


7. A very few verbs are conjugated using endings 
which are in part irregular, for example: 


qatb, to give 
Perfective Future Tense 
Singular Plural 
aM ayituM 
yall yayqutTe 
yacr qanyt 


Past Tense IRREGULARITIES: The overwhelming 
majority-of Russian verbs have their infinitives end in 
-Tb and form the past by removing -Tb and using the 
regular endings. Note that no irregularities are in- 
volved in the past tense of dumpTpopatTh, Spats, 
MBITb, IMCATb, UMCTUTh, *KHTb, PACHIIABUTb, MOHATH, 
yMepTBUTb, WaTb, and many other verbs whose pres- 
ent (perfective future) tense is formed irregularly. 

A very few verbs with infinitives ending in -rs and 
various exceptional verbs with infinitives ending in 
-Tu or -4b form the past tense irregularly as in the 
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following examples. Note (1) that these irregular 
verbs sometimes omit the ending -m in forming the 
masculine singular of the past tense and (2) that a 
relationship can sometimes be discerned between the 
past tense and the stem of the present (perfective 
future) tense of these irregular verbs. An example is 
furnished by the verb, usBsieub. 


Past tense 
yMep, yMepyia, yMeps1o 
yMeps1H 
BeJI, BejIa, BeJIO 
BeJIn 
MBBJIeK, MBBIIeKIAa, USBIIEKIO 
u3BIIeKJIN 
cmer, CORTIA, CORIO 
comRrsIM 


Infinitive 
yMepeTs Sing. 
Plural 
Sing. 
Plural 
Sing. 
Plural 
Sing. 
Plural 


BecTH 
HM3BIIeCUL 


CHKCIb 


MISCELLANEOUS IRREGULARITIES IN VERB INFLEC- 
TIONS: Irregularities encountered in other inflected 
forms of Russian verbs appear to be too infrequent and 
unimportant to warrant discussion in this paper aside 
from irregular formation of the passive past participles 
of certain verbs. Note that these irregular participles 
sometimes appear to be related to either the first person 
singular (pacnuapuTb) or second person singular 
(caxeub) of the present (perfective future) tense. Note 
also that the final vowel of the infinitive stem is some- 
times dropped (Tepetb) or is changed (nomyuntb) 
in forming the passive past participle. 


Passive Past 


Present (Perfective Future) Tense Participle 


2nd Person 
singular 
COMMEMIL 
M3BIIeWeIb 
TIOBe]{eWIb 
paciiaBulib 
Tpeulb 
Nosy YH 


Infinitive 
1st Person 
singular 
comry 
usBJIeKy 
TloBejly 
pacn1aBJII0 
Tpy 
nowyu4y 


CO2KKCHHBIU 
USBJICYeHHbIA 
TlOBeeHHEI 
paciIaBJIeHHEIi 
TepTEii 

NloJ1y WeHHEI 


cKedb 
u3BIIeUb 
moBecTu 
paciuIaBuTb 
TepeTb 
MOLY YUTb 


(c) Reflexive Verb Forms: The reflexive of Russian 
verbs is formed (1) by using ce6s, which is the accusa- 
tive case of the Russian reflexive pronoun or (2) by 
affixing the suffix -ca (or -cb),*” which may be regarded 
as formed by contraction of ce6a. The reflexive in 
Russian is rendered by ce6a or its contractions, -ca 
or -cb, without respect to number, gender, or person. 
As a consequence of this ce6a and its contractions 
may require various translations, e. g., a mo1cb, I 
wash myself, Ts1** moempesx, you wash yourself, ox 
moetea, he washes himself, etc. Note also that many 
more verbs have reflexive forms in Russian than in 
English. Furthermore, the reflexive form is used very 
frequently in Russian in such a way that no English 
reflexive pronoun is required in making a translation. 
Sample sentences illustrating this important point are 
discussed in a subsequent section of this paper. 





87 When ce6a is used in contracted form, the suffix -ca is 
used with all verb forms ending in a consonant, -b, or -% and 
also with all participal forms, while -cb is used with all other 
verb forms ending in a vowel. 

% This is the familiar form, corresponding to German ‘‘du” 
or French ‘‘tu.”’ 
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VII. NOTES ON RUSSIAN SENTENCE STRUCTURE 


In general, the structure of Russian sentences has 
many features in common with English. The various 
parts of speech are used in much the same way in both 
languages. The grammatical nomenclature used to 
designate various inflected forms, e. g., various tenses, 
cases, etc., usually furnishes a fairly reliable guide as to 
their use in expressing thought. Space limitation pre- 
vents a discussion of a very large and important section 
of Russian grammar concerned with features of sen- 
tence structure which are closely similar in English and 
Russian. Instead, the available space will be devoted 
to reviewing certain unusual features of Russian sen- 
tence structure which may cause difficulty when learn- 
ing to read chemical Russian. It is hoped that this 
concentration of attention on the peculiarities of Rus- 
sian sentence structure will not create the impression 
that Russian sentence structure is excessively difficult 
or involved. 

The following peculiarities appear worthy of special 


mention. 
Absence of definite and indefinite articles: When 


learning to read chemical Russian, a certain amount of 
difficulty may be encountered because of the absence of 
definite and indefinite articles, 7. e., words correspond- 
ing to “the,” “a,” “an” in English. Close attention to 
the endings of nouns, pronouns, and noun modifiers 
is particularly helpful in dispelling a certain elusiveness 
imparted to Russian by the absence of definite and in- 


definite articles. This point should be kept in mind 
when considering various Russian sentences cited below 
in discussing other features of Russian grammar. 

Use of the reflexive form of verbs: Use of the reflexive 
in English is limited to denoting action which is directed 
back to the subject of the sentence, as, for example, 
“the washes himself’’ (oH Moetca). This use of the re- 
flexive is reletively unimportant in Russian in com- 
parison with much more common use to correspond to 
a simple English intransitive verb or to the English 
passive. Thus, for example: 


Xaopuctst Sanu AOBOIILHO JerkKo NouMMepusyeTcA. 
Vinyl] chloride rather easily polymerizes [itself]. 


AmMuak XoOpomio pacTBopseTca 8B Bose. 
Ammonia well dissolves [itself] in water. 


IIpu 6pomenum ryOKOsbI nomy4aloTca pHOMsuTeIbHO 
On fermentation of glucose obtain [themselves] approximately 
O]MHAaKOBble KOJINYCCTBA DTHIIOBOLO CIMPTa HW YIJICKHCJIO“O Tasa. 
identical quantities of ethyl alcohol and of carbonic acid gas. 


The preceding examples might be considered to 
involve rather surprising extensions of the English 
concept of reflexive action. Further examples of this 
use of the reflexive in Russian are given below in dis- 
cussing other features of Russian grammar. It should 
also be noted that, with a few Russian verbs, e. 4., 
Hajleatsca, to be hoping, the reflexive form is a mere 
grammatical formality devoid of discernible relation- 
ship to reflexive action. 

Use of the instrumental case: As implied by its name, 
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the instrumental case® is used to indicate the means or 
agent whereby something is accomplished. It is neces- 
sary to keep a sharp watch for nouns (and their modi- 
fiers) in the instrumental case, as otherwise many 
phrases and sentences may be quite unintelligible. 
Ilepexucutie payukaIb, NOBAAMMOMY, Y4YACTBYWT B 
Peroxide radicals, apparently, vaiticinats in (the) 
OKMCJICHHH BOTOpoTa MOJICKYJIAPHEIM KUCJIOPOOM. 
oxidation of hydrogen by molecular oxygen. 
Uernipexxuopuctni yruepon, CCl,, nosyuaetca 
Carbon tetrachloride, Cl,, obtains itself 
nelicTBHeM xslopa Ha cepoyrsiepox. 
by (the) action of chlorine on carbon disulfide. 





The Russians also use the instrumental case even 
when the means or agency relationship is highly at- 
tenuated as in the following examples. Note, in particu- 
lar, the use of the instrumental® case in sentences in 
which the verb is in the reflexive form. 


Aubyerugsl XapakTepusyioTca  HajIMuaeM 
Aldehydes characterize themselves by (the) presence 
O 
Wi 
rpymmE—C 


H 
O 
f (the) co 
of (the) group,— 
hs 
H 


Xumua S8aHUMaeTcA usy 4eHHeM BenjecTB H 


Chemistry concerns itself with (the) study of substances and 


uX pespamennui. 
their changes. 
OnnosaseHTHE pagukan, CH;CH.—, nasnipaetTea dTHJIOM. 
(The) monovalent radical, CH;CH:—, calls itself ethyl. 
IIpumMepamu mpejeubHEIX J{ByXOCHOBHEIX KUCJIOT MOryT 
As examples of saturated dibasic acids are able 
CUYKUTH? 
to serve: 
COOH—COOH COOH—CH.—COOH 


mabeleban KUCIOTA MAaJIOHOBaA KMCIIOTA 
oxalic acid malonic acid 


In addition to indicating the means for accomplish- 
ing some result, the instrumental case is sometimes 
used in sentences where other inflected languages, e. g., 
German, would use the nominative case, as in the 
following sentence. 


Ilepprmmu XHMHUYCCKUMH DJICEMCHTaMH, OTKPBIThIMH IPH 

(The) first chemical elements, discovered with 
NOMOMM cHeKTpasEHOrO aHasusa, Orima pyOuqut u result. 
(the) aid of spectral analysis, were rubidium and caesium. 

The instrumental case is also used after certain prepo- 
sitions, as the object of a few verbs and in various 
idiomatic expressions. 

Sentences with verb ‘‘to be” implied but omitted: The 
present tense of the verb, “to be,” is only rarely used in 
modern Russian. In many sentences, the present tense 
of “to be” is suuply omitted on the assumption that it is 
implied so strongly as to be obvious. A dash may be 
used to replace the missing present tense of ‘‘to be.” 








_ * Throughout the rest of this paper, nouns and noun modifiers 
in the instrumental case are underlined with a single line. 


CORBET oup 


Hurpormunepun C;H;(ON 
ester 


O2)3 — 
N itroglycero C;H;( ON Os): (is) (the) 
rumyepHHa H = as0THOH KHCJIOTEI. 
of glycerol and of nitric acid. 


Cnoco6st NlOJIyueHHA KeTOHOB aHaJIOTMuHEt 
(The) processes of obtaining [of] ketones (are) analogous 
cmoco6am NONWyueHuA aJIberujos. 
to (the) processes of obtaining [of] aldehydes. 


Peaxnua Mes y*? sTHJIOBOM CIIMPTOM H 


(The) reaction between ethyl alcohol and acetic 
KucuIOTOH oOpaTuma. 
acid (is) reversible. 


Or dopmyzst (2) BuHO, TO — (etc.) 
From formula” (2) (it is) apparent, that — (etc. -” 


IIpumep TaKHX peaKIHAX aH HaMH 

(An) example of such reactions (was) given by us tn (the) 
YHOMAHYTOM BBIIIEe cooOmeHuu. : 
mentioned above communication. 


OTHIaMuH cnoco6eH ropeTb B Bosmyxe. 

Ethylamine (is) capable to be burning in air. 

Use of reflexive form of verbs to indicate existence, oc- 
currence, location, etc.: In reading chemical Russian it 
frequently happens that sentences are encountered in 
which the reflexive form of various Russian verbs are 
used to express shades of meaning which are rather 
closely related and which might be translated into 
English by such verbs as “‘to be,” “to exist,” “to occur,” 
“to appear,” ‘‘to remain,” etc. Particularly frequent 
use is made of various forms of asuarsca (the reflexive 
form of aBuats, to be showing). 


ykcycHout 





Maprannopokasmenasn COJIb ABJIAHeETCA CHJIBHBIM 
Potassium permanganate _ shows itself (a) strong 
okKucsIMTesIeM. 
oxidizing agent. 
“'TanM4qHbIM aMOTePHEIM CO@(MHeHHeM ABJIACTCA 
As (a) typical amphoteric compound _ shows itself 
THPOOKUCh aJIOMHHHA. 
hydroxide of aluminum. 
“]Tponyktamu pasjiomeHun TUKIONeHTAaMeHa 
As products of decomposition of cyclopentadiene 
AIBIIAJIUC MeTaH, ROOpoy, wf yrumMcTE ocTaToOK. 
showed themselves methane, hydrogen, and carbonaceous residue. 
Pactsop pa 0° aBuAsIcA TlepeChIn|eHHbIM. 
(The) solution at 0° showed itself supersaturated. 
B MOJIeKyJIe KJleTYAaTKH HAXOWUTCA TH]{POKCHIIbHBIE 
In (the) molecule of cellulose find themselves hydroxy] 
rpymist. 
groups. 
Pacxoy _  cepHot — ‘ 
(The) consumption of sulfuric acid 
SHAYHTEJIBHBIM. 
considerable. 
Harpuitu Kami mnpencrannaotca cepedpuctobentima 
Sodium and potassium present themselves as silvery white 
MeTAJIJIAMH. 
metals. 
Cocyast TloMeIMaJIHCh B BOJ|AHOH TepMocTaT, B 
(The) vessels placed themselves in (a) water thermostat, in 
KOTOPOM TlOjiep:KuBaIach $$ MOCTOAHHAA TeMIlepaTypa 
which maintained itself (a) constant temperature 
25° +0.05°C. 
25° +0.05°C. 
40 Note the use of the instrumental case after the preposition, 


Me7KILY. 

‘1 Inversion of the word order with the subject following 
instead of preceding the verb is encountered rather ing uently, 
particularly in sentences in which the verb is some form of 


ABJIATBCA. 





KHCJIOTH OKASaJICA 


proved itself 
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Hencyepnaemuii = samac asoTa MMeeTCA B BOSYyxe. 
(An) inexhaustable supply of nitrogen has itself in (the) air. 


Meuron mpenctapnsaet coboi upusmMaTu4eckHe 
Menthol presents by means of itself prismatic 


KPHCTAJIJIBI. 
crystals. 


Use of the genitive case: As in English, the Russian 
genitive case is used to indicate possession and also a 
dependent relationship between nouns as already noted 
in ‘discussing chemical nomenclature—for example, 
xjlopuy, HaTpua, chloride of sodium, amunosniii sup 
ykKcycHoit KucnoTH, amyl ester of acetic acid, etc. 
Such use of the genitive case is about what might be 
expected and offers no particular difficulty. 

In contrast it is rather surprising to encounter the 
genitive case** being used at times where one might 
expect the nominative. 

Throughout the remainder of this paper underlining 
with a double line has been used to direct attention to 
certain selected words in the genitive case. 


C10 HBIx BelllecTB — “JIM coequHeHnit — 
[of] Composite [of] substances — or [of] compounds — 
H8BeCTHO O4eHb MHOTO. 
(are) known very many. 


Yruepoma B 4yryH cofepmuTca 2.5-6%. 

[of] taee in cast iron contains itself 2.5-6 per cent. 

B csBoiicTBax AJIberuq0B: H KeTOHOB 

In (the) properties of aldehydes and of ketones (there is) yond 


o6mero. 
of] common. 





In speaking of this use of the genitive, grammarians 
use of the term, partitive,“4 to indicate that reference is 
being made to a portion of a whole or to a group con- 
sisting of individual members. 

The use of the genitive case in negative sentences also 
requires careful attention. Note the following typical 
sentences in which the negated verbs have the direct 
object in the genitive rather than in the accusative 
case which would be used if the verbs were not negated. 


Uucras KieTuaTKa He WjaeT MeTHIOrO cnupTa pu 
Pure cellulose not gives [of] methyl Tall alcohol on 
cyxol meperouke. 
dry distillation. 


Keron He BOCCTAHABJIMBAIOT AMMMAUHOLO pacTBopa 


Ketones not reduce {of} ammoniacal [of] solution 
oKucH cepeOpa. 
of oxide of silver. 


In the following negative sentence, however, the 
object (samaxom) is in the instrumental case just as it 
would have been also if the verb had not been negated. 


MetaH ne oOsamaeT samaxom. 
Methane not possesses odor. 


In each of the following sentences the subject is in 
the genitive case. 





42 This is the more commonly used form of the instrumental 
case of the Russian reflexive pronoun. An alternate form of 
co6oH#, namely co6o1, is sometimes 

4 Other very important uses of the ‘genitive case, €. g., after 
many prepositions, are not discussed in this paper. 

“The French language makes particularly extensive use of 
the partitive genitive. 
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Ecuu upu yelticTaun cHsIEt HeT MepemenjeHuA, 
“1 on action of force (there is) not [of] displacement, 
Het H paodorTH. 
hei (there is) not also [of] work. 


IIpu nelticrauu eqKux meouel Ha Me]{HY10 COJIb 
On action of caustic alkalies on (the) cupric salt 


AMHHOYKCYCHOK KHCJIOTEI HE TIpOMCXOAUT BbITAaTeHHA 


fof] precipitation 


of aminoacetic acid not occurs 


ruypaTta OKMCH Menu. 
of hydrate of oxide of copper. 


Tlocye sTux OMBITOB He OCTaBasiocbh“ MecTa CcOMHeHHIO, 

After these experiments not remained [of] place for doubt, 
that... 

Double negative: The presence in Russian sentences 
of various negative pronouns, adjectives, adverbs, and 
the like requires simultaneous use of an extra, double 
negative,“ He, which when used alone in a sentence or 
clause suffices to impart a negative meaning. The extra 
negative, He, usually must be left untranslated as its 
inclusion in English sentences would be quite ungram- 
matical as can be seen from the following examples. 

Buaaropoyunie Tashi He o6pasyror"” 


Noble (¢. e., helium group) gases [double negative] form 
HHKakuXx coequHeHHH © fpyrumu osiementama. *® 


[of] none [of] compounds with other — elements. 


Kueryatra He cofep:kuT Hu KapOOHMJIBHEIX, 

Cellulose [double negative] contains neither a carbonyl, 
HH KapOoKcHJILHEIX rpynn. 
nor [of] carboxylic [of] groups. 

Special cases of grammatical agreement: In Russian, 
as in English, when two singular nouns are used to- 
gether as the subject of a sentence, the plural form of the 
verb is used, as in the following sentence. 

Il[pu cunaByenuu yKcCycHOKucuIOrO HaTpuAC efKuM HaTpom.‘* 

On fusion of sodium acetate with caustic soda 
o6pasyrrtca*? MeTaH yruekucsinik HaTpult 
form [themselves] methane and sodium carbonate. 

It is somewhat more surprising to find a plural noun 
modified by an adjective in the singular. This occurs 
when the adjective refers to one of several individuals 
which are denoted collectively by the plural noun. 
Thus, in the following sentence, the adjectives, 
aJIbMHTHHOBOM, cTeapHHoBOi, and ojleHHOBO are 
all in the genitive singular and refer to individual acids, 
while the word, Kucuiot, is in the genitive plural since 
it denotes all three acids. 

Cmecu HaTpHeBLIX coset NasbMUTHHOBON, cTeapHHoBoi H 


Mixtures of sodium salts of palmitic, stearic an 
OJIeHHOBOH KUCIIOT COCTABIIAOT, TIaBHEIM OOpasom*, 


oleic acids compose, for (the) most part, 
OOKIKHOBeEHHEIC MBIJIA. , 
ordinary soaps. 

















“ The verb, octapanocs, is reflexive in form, although this 
is not indicated in the word for word translation. 

46 In compound sentences the extra negative, He, is always 
found in the same clause in which the negative pronoun, ad- 
jective, etc., occurs. 

47 Use of the perfective future in this sentence may be con- 
sidered to emphasize the concept of completed action rather than 
future occurrence of the action. 

48 The instrumental case is used after the preposition, c, when 
it is used to mean “with.” The genitive is used when c means 


of idiomatic expression, which involves use of the 
instrumental case, is encountered quite frequently. 
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VIII. CONCLUDING REMARKS 


This paper has been written to present an over-all 
general picture of the Russian system of inflection and 
also to discuss certain peculiarities of sentence structure. 
Obviously, space limitations prevent a thorough treat- 
ment. Nothing has been said concerning the difficult 
problem (1) of accent, which is of lesser importance for 
those whose interest in Russian is restricted to learning 
to read it. Similarly, no distinction has been made 
between “e” and “é,” since, indeed, most Russian 
printing establishments use ‘“e” for both “e” and ‘é.” 
Various intricacies of grammar (e. g., construction of 
conditional sentences, declension of numerals and 
possessive adjectives, use of the genitive following cer- 
tain numerals, idioms involving the dative case of 
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nouns and pronouns, etc.) have not been discussed. 
In spite of such omissions, it is hoped that this brief 
summary may serve to establish reliable landmarks for 
further exploration of the Russian grammar. 
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PROBLEMS OF CLASSIFYING 
CHEMICAL PATENTS: 


I sexreve it was Robert Louis Stevenson who said 
that writing is largely a matter of rewriting, and it may 
also be said, in a certain sense, that classifying is largely 
a matter of reclassifying. No classification schedule 
springs complete from the mind of the classifier like 
Minerva from the head of Jupiter, but culminates from 
a close study of the pertinent patent disclosures and 
experimentation with various possible classification 
schemes. The main desideratum in the mind of the 
classifier is to evolve a classification which will do the 
most good to the greatest number of searchers. He 
soon learns that a perfect classification, or one which will 
prove satisfactory to every searcher, is impossible of 
attainment and strives, instead, to produce a classifica- 
tion that adequately provides for the subject matter 
it embraces and is flexible enough to accommodate m- 
novations related thereto. It would require the fore- 
sight of a clairvoyant or crystal gazer for the classifier 
to be able to anticipate all the trends and types of fu- 
ture inventions that could possibly be embraced within 
the general scope of his class. 

It is not uncommon for a classifier having precon- 
ceived but untested notions of how certain subject 
matter should be classified to become thoroughly dis- 
illusioned as to their practicability when the patents 
are arranged in accordance therewith. The true 
value of any arrangement is the ease with which any 
item of information included therein may be subse- 
quently found. To achieve this, the classifier must 





1 Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 


MANUEL C. ROSA 
United States Patent Office, Washington, D. C. 


constantly ask himself when assigning a patent to a 
particular subclass whether or not that patent will be 
readily found by anyone after reading the titles and 
definitions of the subclasses composing the classifica- 
tion. 

The classification to be useful for many years to 
come should be logically conceived and include in 
addition to a miscellaneous subclass several generic 
type subclasses dispersed throughout the subdivisions 
of the classification in order to accommodate inventions 
which do not fit the definitions of the specific subclasses. 
From time to time when the number of the patents 
that accumulate in the miscellaneous and generic sub- 
classes becomes unduly large, additional subclasses 
should be established providing for the new develop- 
ments responsible for the growth. It should be borne 
in mind that the classifications in the Patent’ Office 
follow the patents—that is, they are a posteriort 
classifications—but every effort is made to anticipate 
future needs as far as reasonably possible. Whenever 
a classification becomes outmoded it must be revised, 
otherwise searches become uncertain and unreliable. 

Today there are at least three hundred main classes 
of subject matter which are further subdivided into 
42,000 subclasses which form the basic units for search 
purposes. All but a few of the classes have been defined 
as to scope of the main class and their subdivisions. 

The classification adopted in the Patent Office for 
any branch of the constantly growing useful arts should 
be one that best serves the purposes of the patent laws. 
In the case of patents the classification should be pri- 
marily.on the basis of subject matter covered by the 
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claims, as the public has a right to know what devices, 
products, and processes are covered by patent monop- 
olies and are therefore outside the public domain. 
Thus, the careful manufacturer who is considering the 
production of a particular product often will, as a 
precautionary measure, have an infringement search 
made of the pertinent patents issued within the past 17 
years to determine his right to make a particular prod- 
uct or to practice a particular process without fear 
of a suit for infringement, and, for the purposes of such 
a search, a classification which emphasizes the claimed 
subject matter is extremely important. Of course, the 
classification should also provide for all novel features 
disclosed in a patent whether claimed or not, as they 
are necessary to the patentability searches made by 
the Patent Office examiners, preliminary and validity 
searches made by the public, and state of the 
art searches made by or for those engaged in develop- 
ment and research. 

Probably no classification of subject matter better 
illustrates the necessity for constant vigilance on the 
part of the Patent Office to keep apace of new develop- 
ments than the classification of carbon compounds, 
known as class 260. The phenomenal increase in chemi- 
cal research activities resulting in the discovery of a 
large number of new carbon compounds and develop- 
ment of novel organic syntheses rendered the original 
Office classification of organic compounds, made in 
1924, inadequate and effectually obsolete for certain 
purposes. 

The schedule of subclasses ultimately adopted in the 
reclassification of carbon compounds, published in 
1938, was chosen after a careful study of the various 
classification systems then available. The patents 
were analyzed to determine the distinguishing struc- 
tural or procedural characteristics of the inventions 
therein disclosed and this information utilized to de- 
vise a class organization having a superiority relation- 
ship assigned to the various characteristics employed 
as the basis of classification. Whenever the patents 
segregated as to a particular characteristic were too 
numerous, the group was further subdivided on the 
basis of more specific characteristics until the number 
of patents assigned to each subgroup constituted a 
conveniently sized bundle. Of course, there were 
instances where further subdivision was not practical, 
as where it introduced the necessity for considerable 
cross referencing. In general, the plan of classification 
ultimately adopted arranges the carbon compounds in a 
descending order of complexity or, in other words, it 
proceeds from the complex to the simple. Subclass 
titles were selected that were as telling as possible to 
avoid too frequent reference to the subclass definitions, 
and each subclass was defined as to its content and re- 
lationship to other subclasses. An expedient com- 
monly employed in the subclass definitions was the 
use of examples of typical compounds and reactions 
illustrated by structural formulas. In many cases 
notations were made to other subclasses or classes to 
indicate the existence elsewhere of related matter. 
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In classifying a claimed carbon compound in Class 
260, the patent is placed in the first appearing subclass 
providing for any characteristic of the compound. A 
polyfunctional compound would be classified on the 
basis of the functional group having superior rank in the 
class schedule. An alkanolamine, for example, would 
be classified in subclass 584, as an acyclic oxy-amine, 
and not under the acyclic hydroxy compounds classified 
under subclass 632, as the amino function has priority 
over the alcoholic function. The advantage to the 
searcher is that once he encounters a subclass title 
that specifically provides for the desired subject 
matter, he need not consider any coordinate subclasses 
positioned therebelow. In the Beilstein system of 
classification, in contradistiction to the Patent Office 
classification, compounds are classified in the latest 
position possible because in that system of classifica- 
tion the compounds are arranged in an ascending order 
of complexity, whereas in the Patent Office classifica- 
tion the converse is the case. 

There are 830 subclasses at present in Class 260, 
containing over 76,000 patent disclosures substantially 
equally divided between original and cross-reference 
patents. A cross-reference patent is one that is classi- 
fied as an original in some other place on the basis of 
the invention claimed but contains subject matter 
either claimed or unclaimed which is encompassed 
within the scope of another subclass. In order to 
facilitate the reading of the subclass-title list and em- 
phasize the superiority relationship of the subclasses, 
three characters of type have been employed, bold face 
capitals for the titles of the main divisions of the sub- 
ject matter, lower case bold face type for the titles of 
the subclasses appearing thereunder in the first line of 
indentation, and regular type for all further indented 
subclass titles. This is shown by the following group 
of subclasses from the synthetic resin portion of the class. 


2 SYNTHETIC RESINS 
With vulcanizable natural gum or derivative (e. g., rubber) 
Polymerized unsaturated compounds 
Polymerized diolefines or halo-diolefines 
With protein or derivative 
Phenolic-aldehyde products 
Polymerized unsaturated compounds 
With carbohydrate or derivative 
By reaction with phenols or phenoxides 
By reaction with polycarboxylic acids or anhydrides 
thereof 
By sulfurization 
Cellulose ether or ester (e. g., lacquers) 
Phenolic-aldehyde products 
Amine- or amide-aldehyde products 
Polycarboxylic acid-polyhydric alcohol reaction 
products 
Polymerized unsaturated compounds 
With lignin or derivative 
With fat, fatty oil, fatty oil acid or salt thereof 
Phenolic-aldehyde products 
Polycarboxylic acid-polyhydric 
products 
Amine- or amide-aldehyde products 
Polycarboxylic acid-polyhydric 
products 
Polymerized unsaturated compounds 


alcohol reaction 


alcohol _ reaction 
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The synthetic resins occupy the foremost position in 
Class 260, subclasses 2 to 96 being devoted to them. 
Subclass 2 constitutes the miscellaneous subclass for 
the group and serves as the collecting place for new 
types of resins, e. g., silicone resins that are not at pres- 
ent provided for in the specific subclasses set out there- 
under. Synthetic resins containing natural rubber or a 
reaction product thereof are separated out first in sub- 
classes 3 to 5, followed by subclasses directed to syn- 
thetic resins containing a protein, carbohydrate or 
derivative, lignin, fatty oil, natural resin, wax, solvent, 
plasticizer, and filler. Then follow subclasses directed 
to mixed synthetic resins and special types of resins, 
such as_ phenol-formaldehyde, urea-formaldehyde, 
alkyd, nylon type, and finally the polymerized un- 
saturated compound type. It will be noted that under 
the subclasses providing for special ingredients that 
there are subclasses directed to types of synthetic res- 
ins. Thus an oil-modified synthetic resin is found in 
subclasses 18 to 23 if it does not contain any of the 
ingredients provided for above, and, more particularly, 
an oil-modified phenol-formaldehyde resin is located in 
subclasses 19 and 20. In the group of subclasses de- 
voted to synthetic resins, the positional superiority is 
followed as is true of the entire Class 260, so that the 
classification of all alkyd resins containing chlorinated 
rubber, cellulose ester, and fatty oil would be in sub- 
class 3 and cross referenced to the cellulose ester 
subclass 16 only in the event that novelty is present in 
the composition apart from the chlorinated rubber. 
The same consideration would apply in determining 
whether a cross reference of the patent should be placed 
in subclass 22 which provides for fatty oil containing 
alkyd resins. In other words, if an oil modified alkyd 
resin is acknowledged by the patentee to be old or is 
known to be old to the classifier, a cross reference 
thereof would be merely cumulative and therefore un- 
necessary. Y 

In the prior classification, sulfur compounds were 
classified, as in the Beilstein system, with the corre- 
sponding oxygen analogs; for example, the thiophenols 
were placed with phenols. At the time the phenols 
were taken up for reclassification, there were about 350 
patents, of which only 12 were directed to thiophenols. 
In order to find the relatively few patents on thio- 
phenols, it was necessary to pore over a large number of 
irrelevant patents so that it was decided to put the 
sulfur compounds on their own footing and classify 
them under a title indicating their exact nature. 

Throughout Class 260 are a number of process sub- 
classes set up under specific product classes for the pur- 
pose of simplifying the field of search when the claimed 
invention is limited to a process. An example of this 
process classification is found in connection with the 
esters of lower fatty acids (subclass 488), process sub- 
classes 491 to 499 being restricted to process only as 
shown in the excerpt from the class list at the top of the 
next column. ? 

There are a number of general process subclasses at 
the end of the class; these are subclasses 684 to 708, 


453 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 


Esters and processes of making same 
Acyclic 
With phenols 
Salicylic acid (e. g., aspirin) 
Sulfur-containing 
Amino 
Oxo 
Oxy 
Polycarboxylic acid 
Unsaturated acid 
Halogenated acid; 
Unsubstituted acids of the acetic series 
With terpenes 
Alkamine (e. g., choline acetate) 
Esters from esters 
From alkyl sulfates 
From alkyl] halides 
Esters from aldehydes 
Esters by dehydrogenation of alcohols 
Esters from ethers 
Esters from olefines 
Esters from acetylene 
Purification or recovery 


which serve to collect disclosures of manipulative 
processes classified elsewhere but which are of general 
application. The search for procedural details which 


may be of general application is sometimes greatly 
facilitated by means of these subclasses, the titles of 
which are as follows: 


684 PROCESSES 

685  Sulfurization 

686 Sulfonation or sulfation 

687 Oxidation 

688 Nitration 

689 Reduction of nitro, nitroso or azomethine groups 
690 Hydrogenation 

691 Acylation 

692 Etherification 

693 Fusion with alkalis 

694 Halogenation 

695 Polymerization 

696 Unsaturation (e. g., by dehydrogenation) 
698 Regulatory 

699 Repression of by-products 

700 Temperature control 

701 Chemical purification 

702 Oxidation of impurities 

703 Separation from sulfuric acid solution 
704 Physical treatments only 

705 With extraction 5 
706 With sublimation 

707 With crystallization 

708 With adsorption (e. g., decolorizing or deodorizing) 
709 to 822 follow subclass 96 


In Class 260? the anthraquinones and triphenyl- 
methane compounds are not classified on the basis of 
the functional groups as in Beilstein, but are primarily 
segregated on the basis of the anthraquinone nucleus 
and triphenylmethyl nucleus, respectively. This char- 
acter of classification based on a particular structural 
arrangement of rings or special relationship of sub- 
stituents on a ring has been found to be very useful 
for the purpose of associating compounds related in 

2 The schedule of subclasses and the definitions of Class 260, 
“Chemistry, carbon compounds,’’ appear in Classification Bulle- 


tin No. 85, copies of which may be obtained for ten cents each 
by addressing the Commissioner of Patents, Washington 25, D. C. 
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chemical structure and utility and has been applied to 
the steroids and sulfa drugs. 

The Patent Office classification, although differing 
in many respects from the Beilstein system, does have 
one characteristic in common therewith and that is 
that all carbon compounds of known constitution are 
classified on the basis of structure. The fact that cer- 
tain structural characteristics are employed in the 
Office classification which are not present in the other 
is no reflection on either, but merely represents a basis 
of classification which has been found more useful for 
the search needs of the Office and the application of the 
doctrine of equivalency in assaying patentability. 

In the use of the class list to find the patents relating 
to a particular compound or group of compounds, it is 
necessary at first to examine the titles of the main 
divisions set out below to find the one that is per- 
tinent. 


1 MISCELLANEOUS 

2 SYNTHETIC RESINS 
709 VULCANIZABLE NATURAL HYDROCARBON GUMS 
97 NATURAL RESINS AND REACTION PRODUCTS 
112 PROTEINS AND REACTION PRODUCTS 

124 LIGNINS AND REACTION PRODUCTS THEREOF 
125 SULFURIZED CARBON COMPOUNDS OF UNDETER- 

MINED CONSTITUTION 


140 DIAZOAMINO 

141 DIAZO, DIAZONIUM, DIAZOTATE, OR DIAZO-OXIDE 

143 AZOXY 

144 AZO 

209 CARBOHYDRATES AND DERIVATIVES 

236 ALKALOIDS OF UNDETERMINED CONSTITUTION 
236.5 EXTRACTS OR ESSENCES OF UNDETERMINED 


CONSTITUTION 

237 HEXAMETHYLENETETRAMINES AND ADDITION 
COMPOUNDS THEREOF 

239 HETEROCYCLIC CARBON. COMPOUNDS 

349 NITROCYCLIC 

350 CARBOCYCLIC OR ACYCLIC 

684 PROCESSES 


Assume, for example, that one is interested in finding 
the esters of nicotinic acid. He should scan the main 
subclass titles and by process of elimination would 
finally arrive at subclass 239 which heads the section 
of the class limited to heterocyclic compounds not 
containing any characteristic provided for in the pre- 
ceding subclasses. The heterocyclics in turn are 
broken down, as shown in the next portion of 
the class list, and in scanning the subclass titles oc- 
curring in the first line of indentation, it is soon evi- 
dent that the appropriate subgroup is subclass 269 
entitled, “‘Six-membered rings containing one hetero- 
N-atom.” 

Examining the subclasses thereunder, he will find that 
the pyridines containing a non-oxo-carbonylic group 
in the beta position are specifically provided for in sub- 
class 295.5. The expression “non-oxo-carbonylic” is 
defined under the definitions of terms employed in the 
classification and includes the carboxylic group and all 
functional derivatives thereof. 

The same general procedure would be followed if 
one were looking for tetraethyl lead; the pertinent 
division is subclass 350, “Carbocyclic or Acyclic,” 
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239 HETEROCYCLIC CARBON COMPOUNDS 
239.5 | Cyclopentanohydrophenanthrene nucleus containing 
239.6 Para-N-benzensulfoxy-X (X = C or N) 
240 Intercyclic acyclic methine linkage (e. g., polymethines 
and azomethines) 
Azines 
Six-membered rings containing one hetero-N-atom 
Heavy metal or aluminum containing 
Arsenic 
Anthrone or anthraquinone nuclei 
Flavanthrone 
Acridine nucleus 
Condensed with pyrazolanthrone nucleus 
Acridone nucleus 
Halogen 
Anthrapyridones 
Acridines 
From acetylene 
Polycarboxylic acid imides 
Imidazoles 
Quinolines or isoquinolines 
Cinchona alkaloids 
Opium alkaloids 
Addition compounds 
Non-oxo carbonylic 
~ Amino 
Oxo or oxy 
Pyridines 
Tobacco alkaloids (e. g., nicotine) 
Solanum alkaloids (e. g., atropine) 
Piperidines 
Non-oxo carbonylic 
Non-oxo carbonylic 
Beta-positioned (e. g., nicotinic acid) 
Amino 
Oxo or oxy 
297.5 2-alkyl-3-oxy-4,5-di-oxyalkyl (e. g., vitamin B) 
298  Azoles 


which is by far the largest division of the class. In the 
portion of the subclass list shown below it will be readily 
seen that the first subgrouping to apply is subclass 429, 
entitled “Heavy metal containing.” 


350 CARBOCYCLIC OR ACYCLIC 

351 Anthrones or anthranols ° 

365 Diarylene ortho-diketones (including leuco forms 

thereof) j 

386 Triarylmethanes 

396 Quinones 

397 Cyclopentanohydrophenanthrenes 
397.6 Para-N-benzenesulfoxy-X (X = C or N) 

398 Fats, fatty oils, ester-type waxes, or higher fatty acids 

429 Heavy metal containing 

430 Gold or silver 

431 Mercury 

432 With other heavy metal 

433 Aromatic 

434 Carbonylic 

435 Lead 

436 Acetates 

437 C-Pb (e. g., plumbanes) 

438 Copper or chromium 

439 Iron, nickel or cobalt 
440 Arsenic 

Indented thereunder is subclass 435 for lead com- 
pounds in general, and as a further subgroup is sub- 
class 437 which specifically provides for compounds 
wherein lead is bonded to carbon and therefore in- 


cludes tetraethy] lead. 
The present classification of carbon compounds, 
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269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
295.5 
296 
297 
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however well it has solved the problems and conflicts 
theretofore confronting the Office, is not regarded as a 
panacea for all future searching ills that may develop 
due to the normal, and at times abnormal, expansion 
of the organic chemical arts. This is attested to by the 
number of decimal subclasses, about 80 in number, 
which have been added to the class as a result of ex- 
cessive increases in the size of certain subclasses. 
The rubber subclasses 709 to 822, inserted into the class 
schedule following the synthetic resins, merely represent 
a postponed job of collecting inventions pertaining to 
rubber which were formerly dispersed among at. least 
three classes. Some of the added decimal subclasses 
relate to the steroid compounds and compounds of the 
sulfa drug type. Additional subclasses are necessary 
at present and will be made as soon as personnel is 
available, and there is no question but that others will 
become necessary from time to time. The encouraging 
aspect, however, in the never-ending task of subdivid- 
ing and further subdividing is that the class as framed 
is capable of absorbing these increments without the 
need of a major reorganization. 

I have dwelt to a considerable extent on Class 260 
because of its size and activity and also because. the 
problems presented in its makeup are, in a general 
sense, very much the same as those presented in the 
construction of any chemical class—for example, the 
solution of any existing conflicts with other classes and 
the achievement of the best possible exposition of the 
subject matter therein contained. 


In the case of compositions of matter—that is, mix- 
tures of ingredients as distinguished from definite 
chemical compounds—the basis of classification is 
often difficult to choose. Compositions of matter are 
usually capable of various and sometimes unrelated 
uses, some of which are known to the patentee and 
others subsequently discovered after the issuance of 


the patent. A factor that we have to contend with is 
that the law is well settled that a composition of matter 
is not repatentable as such merely because of the subse- 
quent discovery of a new use therefor. In other words, 
if a composition of matter known to be useful for one 
purpose is subsequently found tq be useful for a totally 
different purpose, it cannot be made the subject of a 
patent for a composition of matter. The invention, if 
any, would reside in the process of use and not in the 
fact that it is a composition of matter. A composition 
of matter contained in a bottle is still the same com- 
position even though the label thereon is changed to 
indicate a different use. 

It would seem, therefore, that a classification based 
upon ingredients wouid be a preferable basis inasmuch 
as the searcher could then find all compositions of 
matter containing the desired ingredients irrespective 
of intended utility. The Office classification, ever 
since its inception, has grouped compositions of matter 
into classes according to certain basic uses, functions, 
or properties, which classes in turn have been futher 
subdivided on the basis of more specific uses, functions, 
or properties, or on the basis of the ingredients of which 
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they are constituted. Each system has its advantages 
and disadvantages, and the problem is to select the 
one which is most suitable for search purposes. 

A classification by ingredients alone, while un- 
doubtedly useful in certain cases, would fail to reveal 
the cooperation of the various ingredients to subserve a 
particular function or purpose, and also render a search 
for equivalents an arduous, if not impossible, task. 
We have found that a classification which combines 
the features of both is preferable. The particular uses 
or functions selected as primary bases of subdivisions 
should be those which connote or denote properties 
of the composition of matter. Thus a well-drilling 
mud requires that the material be capable of lubricat- 
ing the drill and of sealing the wall of the well, which 
are properties of the composition. All such composi- 
tions are classified in subclass 8.5 of Class 252, Com- 
positions, as well-treating compositions, which thus 
affords a definite and restricted field of search. Were 
these compositions to be classified on the basis of in- 
gredients alone, the search therefor might entail poring 
over thousands and thousands of patents, a very tedi- 
ous task. 

‘It is pertinent to point out that where doubt exists 
as to which system to employ, ingredient classification 
should receive preference. In Class 260, compositions 
of matter containing synthetic resins or rubber have 
been classified solely on the basis of the ingredients as- 
sociated with the resin or rubber, and to date this is the 
only classification of compositions of matter of this 
kind in the Office. 

Unfortunately, it will not be possible to undertake 
an analysis of each of the composition classes or en- 
gage in a discussion of the interrelationship of the 
chemical and nonchemical classes. 

Class 106, the largest of the classes limited to com- 
positions of matter, contains over 14,000 original pat- 
ents distributed among 317 subclasses. This class 
was established in 1941 and resulted from a consolida- 
tion with previous Class 106, for plastic compositions, 
of the then existing Class 134, which contained coating 
compositions. The line of distinction between the 
compositions in both classes was very tenuous, often 
depending upon the amount of vehicle,or solvent pres- 
ent. Where the solvent was employed in an amount 
sufficient only to impart plasticity to render it moldable, 
the composition went to Class 106, and when present 
in such an amount as to make it fluent enough to be 
applied as a coating, it went to Class 134. In many 
cases both situations were disclosed and claimed and 
would lead to conflicts between different examining 
divisions and to the possibility of overlooking inter- 
fering applications. 

The revision of these two classes to form a composite 
class was undertaken by a classifier who had previously 
been an examiner in Class 106 and was familiar with 
the searching problems peculiar thereto. The com- 
positions containing synthetic resins and rubber had 
shortly before been removed from Classes 106 and 134 
to Class 260. 
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In determining what basis of classification to follow, 
the classifier decided to give precedence to special 
functions or uses which provide clues to the properties 
of the composition. The paint, varnish, and adhesive 
classifications previously employed were discarded 
as being too general in character to afford a satis- 
factory basis of division. The first 38 subclasses are 
devoted to special uses, functions, or characteristics, 
and where the patents are too numerous, as in the case 
of polishes and inks, the patents are further sub- 
divided on the basis of ingredients. Subclasses 39 to 
287 include plastic compositions wherein the basis of 
classification is usually the binding agent. Selecting 
the basis of classification is the crux of the task as it 
determines the arrangement of the patents. The 
scheme adopted should be one that emphasizes the 
salient features or ingredients in a correct order of 
importance. The manufacturer who is interested in 
a particular filler would like a classification based upon 
the filler, and the man interested in solvents would like 
a classification which stresses solvents. In the classi- 
fication schedule ultimately adopted for Class 106 
there was an attempt made to please everybody in- 
terested in the field of plastics. Subgroupings were 
provided under the subclasses featuring the binder 
which were limited to these compositions admixed 
with particular fillers and solvents. Thus in the case 
of bituminous compositions, subclass 273, those con- 
taining a special solvent are in subclass 278 there- 
under, and those containing a special filler in indented 
subclasses 281 to 283. Subclass 287 is the miscel- 
laneous subclass for plastic compositions and con- 
cludes the first main division of the class. The second 
division of the class, subclasses 288 to 316, is directed 
to materials and ingredients not in themselves plastic 
or coating compositions, but which are of particular 
utility in their preparation. Among those mentioned 
specifically are pigments, fillers, driers, vehicles, 
opacifiers for enamels, subclass 316 being the miscel- 
laneous subclass for this group. 
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In addition to Class 106 there is a class providing 
for medicines, poisons, and cosmetics, known as Class 
167; a class providing for foods and beverages, known 
as Class 99; one for fertilizers, known as Class 71; 
one for explosives, known as Class 52; one for fuels, 
known as Class 44; one for dye compositions, known 
as Class 8; and a miscellaneous composition class, 
known as Class 252. There are many compositions 
of matter which are referred to in the notes to the main 
class definition of Class 106 which are not in the com- 
position classes but for some special reasons were placed 
in a mechanical or electrical class, such as, for example, 
abrasive compositions in Class 51, Abrading; photo- 
graphically sensitive and developing compositions in 
Class 95, Photography; battery electrolytes in Class 
136, Batteries; and resistance compositions in Class 
201, Resistances and Rheostats. 

The present basis of classification of compositions in 
the Patent Office is the result of long experience and 
probably never will be foresaken completely for a 
classification predicated solely on the basis of ingre- 
dients. Yet the hope is entertained that possibly some 
day a second and additional classification on the basis 
of ingredients alone, or a system utilizing punched 
cards carrying this information, might be developed 
as it unquestionably would be extremely useful to the 
searcher when novelty alone is of the essence. 

Summarizing, it can be said that patents for definite 
chemical compounds are classified on the basis of 
chemical constitution. Compositions of matter, on the 
other hand, are classified on the basis of some telltale 
or distinctive function er property and secondarily 
on the basis of ingredients with the sole exception 
previously noted of the rubber and synthetic rubber 
containing compositions in Class 260. The Classi- 
fication Division of the Patent Office is constantly on 
the alert for any improvements and will welcome 
suggestions or criticisms that might enhance the 
quality of the classification and expedite the searching 
task. 





NOTICE OF EXAMINATIONS FOR CIVILIAN TEACHERS 
AT THE U. S. NAVAL ACADEMY 


COMPETITIVE examinations will be held at the U. 8. Naval 
Academy, Annapolis, Maryland, beginning at 9 a. m. on April 4, 
1947, for the selection of one assistant professor and two instruc- 
tors in chemistry. The candidate must be a male American 
citizen within the age limits indicated on July 1, 1947: assistant 
professor, not over 40; instructor, not over 38. His health and 
physique must be such that he is able regularly to perform his 
duty, to stand up under strain, and to command the respect of 
the midshipmen. He must have received a Master’s or higher 
degree from a college or university of recognized standing with 
major subject in the field in which he is an applicant for a posi- 
tion. He must have taught in the field of his major subject in a 
college or university for at least one year to be eligible for an 


instructorship or four years to be eligible for an assistant pro- 
fessorship. 

Each candidate must submit his application on a form which 
may be obtained from the Superintendent, U. 8. Naval Academy, 
Annapolis, Maryland. This form, properly and completely filled 
out, accompanied by a recent photograph and such records, etc., 
as the candidate may wish to present, must reach the Superin- 
tendent not later than March 15, 1947. 

The Superintendent will authorize to appear for the written, 
oral, and physical examinations only those candidates who from 
their records appear to have a reasonable competitive chance of 
appointment. Notices will be mailed about March 24, 1947, to 
those authorized to appear. 
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INDUSTRIAL CATALYSIS’ 


Caratysis is the speeding up or slowing down of a - 


chemical reaction by a substance—a catalyst—that can 
be recovered unchanged when the reaction is over. 
Catalysis is a high-sounding word which explains some- 
thing that we don’t understand. 

A pompous word will stand you instead 

For that which will not go into the head. 

In March, 1835, Berzelius reported to the Swedish 
Academy of Sciences that there was a new force in the 
world. Since the Greeks did not have a word for it, 
he invented one—xaradiew—from xara (down) and 
ls = ev (to loosen). Berzelius thought of catalysis 
as the decomposition of chemical compounds by the 
catalytic force, as analysis was the decomposition of 
chemical compounds by the force of chemical affinity. 

A catalyst is a stimulant which arouses the dormant 
passions of the molecules so that they are raring to go 
places. This is essentially Berzelius’ definition of 111 
years ago. Not only does a catalyst stimulate reactions 
but it also directs reactions. It is a combination of the 
whip and the reins.: 

A catalyst is a substance that promotes union be- 
tween substances, or separates them, without becoming 
involved in the reaction—like a clergyman in a wedding 
ceremony or a judge in a divorce hearing. The clergy- 
man unites two people by the bonds of holy matrimony, 
and this union is practically impossible without his as- 
sistance; the clergyman can be recovered unchanged 
after the ceremony, and he can bring about the union of 
many couples. 

ENZYMES, BACTERIA, AND MOULDS 


One of the oldest industrial catalytic processes is the 
conversion of sugar to ethyl alcohol and carbon. dioxide: 


CceH1206 — 2C2H;OH + 2COz 


This important industrial reaction is caused by the 
catalytic effect of an enzyme contained in yeast. Not 
only is the sugar converted to alcohol, but the alcoholic 
solution is nicely carbonated at the same time. Grape 
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sugar is converted to alcohol with a 95 per cent ef- 
ficiency. There are small amounts of several by-prod- 
ucts formed, such as glycerin, succinic acid, and 
higher alcohols caHed fusel oils. The industrial opera- 
tion of vinous fermentation goes back into antiquity. 
Although the ancients did not know exactly what they 
were doing—ethyl alcohol was not separated from wine 
and recognized as such until the 1700’s—they manu- 
factured it and consumed it for several thousand years. 

All sorts of queer reactions are catalyzed by enzymes, 
bacteria, and moulds. A bacterium called clostridium 
acetobutylicum ferments starch to a mixture of butyl 
alcohol and acetone. 


3C6Hi1206 ‘eins 2C,H,OH op CH;COCH; +. 7CO, oe 4H. + H,O 


This process was developed during World War I to pro- 
duce acetone which was needed in the manufacture of 
smokeless powder. The by-product butyl alcohol, 
like all new chemicals and new-born babies, was ab- 
solutely useless. Nevertheless, it was not thrown away 
because chemists hate to throw away a perfectly good 
chemical, even when it is worthless. It was stored in 
barrels and tanks, and it was not long before butyl 
alcohol had many uses, and acetone was demoted to 
play second fiddle and become a by-product in the 
manufacture of butyl alcohol. 

A mould called mucor stalonifer oxidizes acetates to 
oxalates, and another mould, penieillium purpuro- 
genum, oxidizes glucose to citric acid. Moulds can 
synthesize fats, complex aliphatic acids, and sterols. 
The poison exhaled by damp wall paper containing 
arsenical pigments is produced by a rugged mould, 
penicillium brevicaule, which specializes on damp mix- 
tures of arsenic and old wall paper to manufacture tri- 
methyl arsine, (CHs)3As. 


INORGANIC CATALYSIS 


The subject matter of this paper is primarily con- 
cerned with inorganic catalysts, such as nickel, plati- 
num, alumina, silica, vanadium pentoxide, aluminum 
chloride, hydrofluoric acid, and nitric oxide. The men- 
tion of enzymes, bacteria, and moulds is just a re- 
minder that there are many industrial processes which 
depend on the catalytic effects produced by living or- 
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ganisms—a field for the biochemist. Some of the in- 
dustrial reactions catalyzed by inorganic catalysts are 
hydrogenation, dehydrogenation, aromatization, hy- 
dration, dehydration, esterification, hydrolysis, amina- 
tion, alkylation, dealkylation, polymerization, halo- 
genation, sulfonation, nitration, desulfurization, crack- 
ing, and isomerization. 


MECHANISM OF CATALYSIS 


Our purpose is to describe industrial applications of 
catalysis and not to explain the why and wherefore— 
the so-called mechanism—of catalysis. Many explana- 
tions of catalysis have been advanced, and we still 
don’t know much about it. These theories, like hind- 
sight, by picking and choosing the facts that fit, can 
explain the past with the greatest of ease but predict 
the future with halting steps. For more than 100 years 
it has been believed that catalysts promote the forma- 
tion of transitory intermediate compounds—anything 
from real ‘chemical compounds to adsorption com- 
plexes—and, by so doing, accelerate the formation of the 
end products. Even as it is easier for us to climb a hill 
by gradually walking up rather than in a single gigantic 
jump, so it is easier for a chemical reaction to achieve 
itself through a series of easy intermediate steps rather 
than in one breath-taking swoop—the installment plan 
in nature. 

More than 100 years ago Michael Faraday believed 
that the catalytic effect of platinum on the combustion 
of hydrogen by oxygen was due to the adsorption of the 
gases on the platinum surface. He showed that clean 
platinum caused a mixture of hydrogen and oxygen to 
burn, but that a small amount of grease or carbon mon- 
oxide killed the catalytic effect of the platinum. He 
showed that the contaminated platinum could be re- 
activated by heating, which drove off the adsorbed 
grease and carbon monoxide which fouled the active 
surface. This poisoning of platinum by grease and 


carbon monoxide is an example of temporary poisoning. 
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He showed that a trace of hydrogen chloride or hydro- 
gen sulfide also deactivated the platinum and that this 
contaminated platinum could not be reactivated by 
heating. This is an example of permanent poisoning. 
Simple physical adsorption of reactants on the sur- 
face of a solid is not the whole story. Silica gel has an 
enormous surface (one-third of an acre per pound of 
silica gel), and it is an excellent adsorbent, but it is a 
poor catalyst per se, although it makes active catalytic 
combinations with other catalysts. Not only must the 
catalyst adsorb the reactant molecules in the correct 
proportions and in the right positions} but once reaction 
has taken place, perhaps by rolling through successive 
intermediate formations, the catalyst must push off or 
desorb the product molecules to make room for fresh 
reactant molecules. Otherwise the catalytic surface 
is soon smothered with layers of product which makes 


‘ it impossible for fresh molecules to reach the surface to 


be activated thereby, for a catalytic surface cannot 
work at a distance; there must be actual physical con- 
tact with it. 


IPATIEFF AND SABATIER, PIONEERS IN CATALYSIS 


Modern industrial catalysis is based on the pioneer 
work of two professors of organic chemistry, Vladimir 
Ipatieff and Paul Sabatier. They started the systematic 
study of catalysis about 50 years ago—lIpatieff in Rus- 
sia and Sabatier in France. Ipatieff was interested in 
high-pressure catalytic reactions, and he is the father of 
high-pressure technique. Sabatier studied catalytic 
reactions at ordinary pressure and considered that high 
pressure was not only dangerous but unnecessary. 
And 50 years ago, high pressure was very dangerous to 
fool with because the pressure vessels were weak and 
poorly made, but today high pressure in’ industrial 
catalysis is commonplace and safe. 

Just to emphasize how young is modern industrial 
catalysis: Professor Ipatieff is still active in chemistry 
at the age of 79. He is an American citizen and lives 
at the Pearson Hotel in Chicago. He is a professor at 
Northwestern University and research director of the 
Universal Oil Products Company. Professor Sabatier, 
recipient of many honors and Nobel Prize winner, died 
in 1941 at the age of 87. Catalysis would seem to be a 
very healthy occupation. 


SULFURIC ACID 


Sulfuric acid is one of our really old chemicals. It has 
been known and used for about 800 years. The chamber 
process, by which about one-third of our sulfuric acid 
is made, is a catalytic process, and it was in commercial 
operation, in more or less its present form, prior to our 
Revolutionary War. 

The first sensible directions for making sulfuric acid 
were given by Basilius Valentinus who lived in the late 
1600’s. Ward, in 1740, manufactured sulfuric acid by 
burning brimstone with saltpeter in 50-gallon glass 
vessels, and his product was called “‘oil of vitriol made 
by the bell.” In 1746 Dr. Roebuck substituted a lead 
chamber for the 50-gallon glass-reaction vessel. An iron 
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buggy loaded with brimstone and saltpeter was wheeled 
into the lead chamber and the door was closed. The 
charge was kindled and burned, and the sulfuric acid 
collected on the lead floor. During the next 50 years 
larger and larger chambers were built, more air was 
used in burning the sulfur, steam was blown into the 
chamber, and, finally, the process was made continu- 
ous. Around 1870 Glover and Gay-Lussac towers were 
incorporated into the process, the function of the former 
being to enrich the gas with nitric oxide, which is the 
oxidation catalyst, the function of the latter being to 
remove nitric oxide from the exit gas before it leaves 
the plant. ; 

The nitric oxide catalyst is an oxygen carrier, and this 
catalysis is an example of homogeneous catalysis, since 
the reactants (sulfur dioxide, oxygen, and steam) and 
the catalyst (nitric oxide) are all present in a single 
gaseous phase. Many explanations have been proposed 
for this catalytic reaction, but the mechanism is not 
yet clear, in spite of the age of the chamber process and 
the enormous investment involved. Numerous more or 
less imaginary intermediates have been proposed, for 
example, HN SOs, H.NSO,, H.N2SOg, ete. 

A simple explanation is that nitric oxide picks up 
oxygen to form nitrogen dioxide and that sulfur dioxide 
hijacks the nitrogen dioxide and grabs the oxygen. 
Evidently sulfur dioxide prefers to steal its oxygen 
rather than get its own. This mechanism was pro- 
posed by Peligot in 1844, and it is similar to one by 
Berzelius (1835) who believed that the intermediate 
oxide was nitrogen trioxide (N2O3). Fortunately for 
the chamber process, nitric oxide has never become dis- 
couraged because it can never seem to keep its oxygen; 
it immediately goes after another oxygen and keeps 
the process going. 

2NO ob O. —_> 2NO; 


2NO, + 280, ——— 2S0; + 2NO 
280; + 2H.0 = 2H.SO, 


280, + O2 + 2H;0 — 2H.SO, 





In the contact process a solid oxidation catalyst is 
used. A mixture of sulfur dioxide and air is passed 
through a bed of platinum or vanadinum pentoxide 
catalyst at 400-500°C., whereby the sulfur dioxide is 
oxidized to sulfur trioxide which is subsequently hy- 
drated by water to produce sulfuric acid or dissolved 
in sulfuric acid to produce oleum. This process is an 
example of heterogeneous catalysis, the reactants and 
catalyst being in more than one phase, the reactants 
(sulfur dioxide and oxygen) being gaseous whereas the 
catalyst is solid. 

The rate of oxidation of sulfur dioxide is very much 
accelerated by the presence of these oxidation catalysts 
and, if the feed gas is clean, these catalysts will operate 
continuously for ten years or so. However, they are 
very easily ruined by a variety of poisons, such as ar- 
senic, sulfuric acid, and even dust. The result is that 
most of the machinery in a contact sulfuric acid plant is 
devoted to the purification of the feed gas. 

In 1944 there were about 90 chamber plants and 90 
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contact plants. The chamber plants produced 3.2- 
million tons of acid and the contact plants produced 
5.3-million tons, or 8.5-million tons in all, which means 
about half a barrel of sulfuric acid for every man, 
woman, and child in the United States. 

The contact process had to travel a long road of fail- 
ure before it was a commercial success. An 1831 
English patent to Phillips, a vinegar manufacturer, de- 
scribes oxidizing sulfur dioxide by air over a platinum 
catalyst and dissolving the resulting sulfur trioxide in 
water to produce sulfuric acid. This process, which now 
produces 5,300,000 tons of sulfuric acid per year, was 
a complete flop in the beginning. In fact, the process 
continued to flop for 70 years and chemists tried in vain 
to make it work. Finally, it was realized that the feed 
gas should be carefully purified to remove all catalyst 
poisons and that an excess of oxygen should be present 
during the reaction because the oxidation of sulfur di- 
oxide is an equilibrium reaction, but there was still one 
more difficulty—the absorption of sulfur trioxide in 
water to make sulfuric acid. This would seem an easy 
thing to do, but on a large scale it was very difficult. 
A dense white fog of sulfuric acid persisted in escaping 
from the absorber tower and this represented a loss of 
product and a loss of countrysidé. 

The story is that the operator of one of the early 
pilot plants took a nap while his boss was out to lunch. 
Perhaps he made a habit of it, but this time something 
happened. The water supply to the absorber tower was 
shut off, and the concentration of the acid in the tower 
rose and rose until it was approximately 98 per cent. 
About this time the boss returned from lunch and he 
immediately knew that something was radically wrong, 
because the absorber tower was no longer smoking 
like a chimney with wasted sulfuric acid fog. He 
checked the catalytic converter and found that sulfur 
trioxide was being produced at the usual rate. He 
finally had to accept the fact that the sulfur trioxide 
was being completely absorbed in the tower, as it should 
be, but as it never had been before. The outcome of 
the nap was the perfection of a process. Sulfur tri- 
oxide. has ever since been absorbed in 97-98 per cent 
sulfuric acid, and the concentration of the acid in the 
absorber is maintained at this value hy feeding in water 
or dilute acid. 

The moral of the contact process is that inventors 
should not be too smart—Mr. Phillips was 70 years too 
soon, a patent runs only 17 years—operators should 
not be too bright, and bosses should not be too strict. 


HARDENING OF FATS 


Liquid vegetable and animal oils, such as soybean, 
cottonseed, peanut, corn, fish, and whale, are mixtures 
of unsaturated glycerides which are unsuited for use as 
shortening, salad dressing, and for the manufacture of 
soap and candles because of odor, taste, or poor keeping 
quality. However, these liquid fats can be hydrogen- 
ated to solid and semisolid fats which are suitable for 
the above purposes. The filling up of the double bonds 
is illustrated by the following equation. Actually, 
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hydrogenation is stopped before all the double bonds 
have been filled. 


ne een an 
CH;(CH:);CH=CH(CH:);COOCH 


CH;(CH2);CH=CH(CH:);COO He 
(glyceride of oleic acid, a liquid fat) 


CH;(CH2);CH:.—CH2(CH2);COOCH: 
CH;(CH2)7;CH:—CH:2(CH2);COOCH + 3H:0 


- CH;(CH2)7CH:—CH2(CH2);COOCH,2 
(glyceride of stearic acid, a solid fat) 


(3He) 


This hydrogenation process is called the hardening of 
fat because the addition of hydrogen raises the melting 
point of the fat. It is a large industry which started 
in the early 1900’s, very soon after the discovery of 
catalytic hydrogenation. About 1,000,000,000 pounds 
of hydrogenated oils are manufactured in this country 
per year. A mixture of liquid fat and finely powdered 
nickel is heated at 100° to 200°C. in a pressure vessel 
with stirring, and hydrogen under a pressure of 200 
pounds or so is bubbled through the mixture until the 
desired degree of hydrogenation is reached. 

These hydrogenated fats can be made to have the 
same composition and properties as natural fats. By 
the addition of vitamins, color, etc., a synthetic fat can 
be made which has practically the same properties and 
nutritive value as butter. Synthetic butter pushes 
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natural butter so hard that it has to pay ten cents 
per pound as a handicap for the addition of yellow color 
in order to be fair to the dairyman. Vested interests 
get strange dispensations from the law. If the Japanese 
silk raisers had a really smart lobbyist in Washington, 
nylon could be legislated out of existence on the basis 
that it is unfair to the Oriental worms. ‘ 


AMMONIA (FIXATION OF NITROGEN) 


Ammonia is the starting point in making nitric acid, 
explosives, and fertilizer. Although the atomic bombers 
claim that they can take care of everything in the future, 
World Wars I and II required enormous amounts of 
ammonia. The Germans postponed their unsuccessful 
1914 attempt to take over the world until the German 
General Staff was sure that the first synthetic ammonia 
plant was a success. Previously, explosives had been 
made from saltpeter (NaNO;) which came from Chile. 
But the Germans feared that the British Navy would 
look with a bilious eye at any such trading with Chile 
during war time, and they planned to make their nitric 
acid by the oxidation of synthetic ammonia. 

After World War I all industrialized nations built 
synthetic ammonia plants and were no longer dependent 
on Chile saltpeter, which practically ruined Chile whose 
economy was based on saltpeter. Chile has whole des- 
erts of saltpeter. Commercial extraction of this ma- 
terial started in the early 1800’s, and from 1880 to 1914 
the Chilean nitrate industry, controlled by English and 
German capital, held a world monopoly on fixed nitro- 
gen, and the income from it ran the Chilean Govern- 
ment. 

Ammonia was discovered by Priestley in 1774; it 
was first catalytically synthesized from the elements 
by Faraday in 1825, and later by Ramsay and Young 
in 1884. Le Chatelier accomplished the same synthesis 
in 1901, and he used pressure as do the modern proc- 
esses. Unfortunately, Le Chatelier’s pressure equipment 
blew up, and he decided to leave well enough alone. 
Thus it fell to Haber and his coworkers, who started in 
1904, to be the first to carry the catalytic synthesis to 
commercial success. The first commercial plant started 
production in 1913. 

There are several processes in use now, with operating 
pressures varying from 1500 to 15,000 pounds per square 
inch. The reaction temperature is about 500°C., and 
the catalyst is a fused iron oxide containing small 
amounts of other oxides, such as 0.5 per cent of alu- 
mina and 0.5 per cent of potassium carbonate. The feed 
gas is a mixture of one volume of nitrogen and three 
volumes of hydrogen. Nitrogen is obtained by the 
liquefaction of air. Hydrogen is obtained from water 
gas and coke-oven gas, and by the electrolysis of water 
and the decomposition of natural gas. 

The ammonia catalyst is an example of a promoted 
catalyst. A promoter is a substance which, added in 
small amounts to a catalyst, produces a catalyst of 
higher activity than corresponding to the sum of the 
catalytic activities of the two components. A promoter 
is a catalyst for a catalyst. The classical example of 
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promoter action is connected with the Welsbach gas 
mantle, in which the brightest light is emitted when 
the cotton mantle is impregnated with a chemical mix- 
ture containing 99 per cent of thoria and one per cent 
of ceria. 

The ammonia formed in each pass through the cata- 
lyst bed is removed by condensation or water scrub- 
bing, and the unreacted gas is mixed with fresh hydrogen 
and nitrogen equivalent to the ammonia formed in the 
previous pass and recycled. 


Ne che 3H: Re 2NH; 


A small side-stream of recycle gas is vented and thrown 
away to prevent accumulation of argon which is present 
in atmospheric nitrogen. 

During World War II the United States Government 
invested $200,000,000 in ten synthetic ammonia plants. 
The Government plants can produce 700,000 tons of 
fixed nitrogen per year, and the privately owned plants 
can produce 862,000 tons, making a total capacity of 
1,562,000 tons. The prewar annual supply was 626,000 
tons, of which 451,000 tons were domestically produced 
and 175,000 tons were imported. 


NITRIC ACID 


The old method of making nitric acid was to distill 
saltpeter with sulfuric acid. The Birkeland-Eyde proc- 
ess, involving the oxidation of nitrogen in an electric 
are, is operated on a small scale in Norway. Practically 
all nitric acid nowadays is made by the oxidation of am- 
monia. . 

A mixture of one volume of ammonia and seven vol- 
umes of air is heated to 500°C. and passed through 
fine platinum or platinum-rhodium gauze. The oxida- 
tion reaction is thereby catalyzed and about 95 per cent 
of the ammonia is converted to nitric oxide. The reac- 
tion is very fast, the gas being in contact with the cata- 
lyst about: 0.0005 second. The nitric oxide is subse- 
quently oxidized to nitrogen dioxide which is dissolved 
in water to make nitric acid. The heat of reaction 
makes the oxidation self-sustaining, and the excess heat 
is utilized to preheat the incoming feed gas. The gauze 
automatically maintains itself at 800° to 900°C. This 
is a very clean example of catalysis, and one square foot 
of double gauze produces seven tons of nitric acid per 
day. 

The oxidation catalyst is very sensitive to poisoning 
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by phosphine, its activity being lowered by the presence 
of two parts of phosphine per 100,000,000 parts of feed 
gas and ruined by 20 parts of phosphine per 100,000,000 
parts of feed gas. Phosphine is a temporary poison if 
its presence is discovered before much damage has been 
done to the catalyst, and purified feed gas will restore 
the activity of the catalyst. Dark spots appear on 
the gauze when phosphine is present and grow in size if 
phosphine persists. To realize the sensitivity that is 
able to detect two parts of phosphine per 100,000,000 
parts of feed gas, let us imagine a machine able to scan 
the population of the United States for five minutes 
and give an answer, yes or no, if two undesirable people 
are present in the 100,000,000 or so of population. 
What a machine that would be for a Hitler or a Stalin, 
especially if the machine could also locate the undesir- 
able individuals. 


PHENOL 


Phenol or carbolic acid is used in the manufacture of 
phenolic plastics such as Bakelite. In 1940, 24,000,000 
pounds of phenol were recovered from coal tar and 72,- 
000,000 pounds were made synthetically. Phenol is 
manufactured noncatalytically by the caustic fusion of 
benzene sulfonic acid, by the hydrolysis of chloroben- 
zene, and by the air oxidation of benzene. There is one 
catalytic process, the Raschig process. 

In 1940 the Durez Company started production by 
the Raschig process. Benzene is chlorinated by a mix- 
ture of hydrogen chloride and air in the presence of an 
oxidation catalyst which oxidizes hydrogen chloride to 
chlorine. The chlorobenzene is hydrolyzed to phenol 
over a phosphate catalyst. The hydrogen chloride 
from the chlorination and hydrolysis steps is recycled 
to the oxidation-chlorination step, and the net result is 
that benzene plus air gives phenol. 


2CsH;Cl + 2H,0 — 2C;,H;0H + 2HCl 
4HCl + O2 — 2H20 + 2Cl 


2CsHe + O. —_— 2C.;H;,OH 





The idea is a combination of known catalytic steps, 
but the engineering is difficult because the equipment 
has to withstand the corrosive action of hot hydro- 
chloric acid. The process was unsuccéssful in Germany 
where it originated, but it was successful in this country 
due to superior chemical engineering technique. 


To be continued 





One elusive quality of air still being tracked down by the research scientists is fresh- 


ness—that invigorating something found in mountain air or at the seashore. 


Most 


evidence points a finger at the free ions—electrically charged particles—in the air. Too 
many positive ions seem to induce sluggishness, while an abundance of negative ions 
creates a feeling of buoyancy. A final answer to this problem may not be far off.— 


Westinghouse Newsfront (July-August, 1946). 





Keceut Sooke 


@ PAY DIRT 


Farming and Gardening with Composts. J. I. Rodale, Editor, 
Organic Gardening. Devin-Adair Company, New York, 1945. 
x-+ 242 pp. 12 X 23.5 cm. 


“‘A REVOLUTION in farming and in gardening is in progress all 
over the world. If I were asked to sum up in a few words the 
basis of this movement and the general results, I should reply that 
a fertile soil is the foundation of healthy crops, healthy live stock, 
and last but not least healthy human beings. By a fertile soil is 
meant one to which Nature’s law of return has been faithfully 
applied, so that it contains an adequate amount of freshly pre- 
pared humus in the form of compost from both vegetable and 
animal wastes.’”’—from the Introduction, by Sir Albert Howard, 
author of “An Agricultural Testament.” 

This book states the beliefs, and the observations on which they 
are based, of the “compost cultists.” The arguments are pro- 
vocative and the facts irrefutable, but the book obviously does 
not have all the final answers. Soil conservation is a losing battle 
unless the dangers of chemurgy and other large scale uses of crops 
are recognized and farming is planned in such a way as to aug- 
ment, not deplete, the fertility of the life-giving top soil. The 
nutrient needs of the plants are probably as obscure now as the 
need of animals for vitamins was in 1900. While this book may 
mix faith and hope on one hand with keen observation and de- 
duction on the other, we come from it with the feeling that until 
chemists and others have worked out a complete knowledge of the 
requirements for soil fertility, the warning of the author remains 
valid: “Composting, crop-rotation, fallowing, and green-manure 
crops are essential, if this way of supplying industry [chemurgy] 
is to be anything but a long-range disaster.” Chemistry teachers 
have an obligation to become familiar with the lessons taught by 
books such as this, as it is through well-informed teachers that the 


facts will become known to the people. 
LAURENCE 8. FOSTER 


Watertown ARSENAL 
WATERTOWN, MASSACHUSETTS 


© TEXTBOOK OF BIOCHEMISTRY 


Philip H. Mitchell, Ph.D., Professor of Biology, Brown Univer- 
sity. First Edition. McGraw-Hill Book Company, Inc., New York 
and London, 1946. xv + 640 pp. 84 figs. 79tables. 14 X 
22cm. $5.00. 


THIS TEXTBOOK is designed to present to the student just enter- 
ing the field of-biochemistry a comprehensive idea of the present 
knowledge of the chemical reactions that normally take place in 
living animals. Emphasis in the text has been given to inter- 
mediary metabolism, enzymes, vitamins, and the relationship 
between metabolism and nutrition. The earlier chapters are de- 
voted to the chemistry of the foodstuffs, including a chapter on 
photosynthesis. Vitamins, enzymes, digestion, blood and lymph, 
acid-base regulation, metabolism, and the other topics of physio- 
logical chemistry follow. The concluding chapters of the book 
are devoted to the composition of foods: dietetics, the chemistry 
of animal tissues, hormones, and chemotherapy. At the end of 
each chapter are references to reviews and original papers dealing 
with the topics treated in the chapter. An author as well as a 
subject index is included at the end of the book. 

Biochemistry has developed so extensively in the last decades 
and now embraces so many ramifications that the author of a 


textbook on this subject is confronted with a serious problem. 
Either he must restrict the scope of the book drastically, giving 
emphasis on fundamentals and adequate explanations for the 
beginning student, or, if all-inclusive, his book tends to assume 
the proportions of a reference book, leading to the discourage- 
ment of the student. The author of the present book has en- 
deavored to steer a course between these two extremes and has 
included extensive references to the literature for detail that 
could not be incorporated profitably in the text. 

With the needs of the first-year medical student in mind, this 
reviewer believes that too much detail to certain subjects has 
been given. Curtailment of the discussion of the configuration 
of the sugars and polysaccharides, the mechanism of enzyme 
action and redox potential, and omission of the chapter on.photo- 
synthesis would be desirable. Although the book is carefully 
written, the author assumes at times a better background in 
physical and organic chemistry than is generally found among 
beginning medical students. For example, the statement (page 
62) that the cis arrangement of oleic acid was established by ‘‘the 
molecular equivalents required to produce a monomolecular film 
on a water surface of known area” will be meaningless to the 

* average medical student. 

However, the reader of this book will be assured of an up to 
date presentation of the facts and theories of biochemistry with 
ample references to the older and current biochemical literature. 
The fascinating and newer work on antibiotics and the use of iso- 


topes as tracers is included. 

. F. A. CAJORI 

University or CoLtorapo Scxoon oF Mepicinp 
DENVER, CoLorapo 


& HANDBOOK OF CHEMISTRY 


Norbert Adolph Lange, Lecturer in Chemistry at Cleveland 
College of Western Reserve University, Compiler and Editor, 
Gordon M. Folker, General Electric Company, Assistant, and 
Richard Stevens Burington, Bureau of Ordnance, Navy Depart- 
ment. Sixth Edition. Handbook Publishers, Inc., Sandusky, 
Ohio, 1946. xvi + 2082 pp. 13.5 X 20cm. $7.00. 


Tus NEw sixth edition of Lange’s “Handbook of Chemistry” 
deletes some of the engineering data included in earlier editions 
to make room for new material and extensions of revised tables. 
This includes modern concepts of matter, composition of sea 
water, numerical values of the gas constant, true capacity of 
glass vessels, etc. Omitted were the tables on pipes, valves, and 
fittings, and flow of water and of gas.in pipes. The biggest 
change is the completely revised and enlarged table of physical 
constants of inorganic compounds which includes, for the first 
time and wherever possible, data on refractive index. A total 
number of 2603 compounds are considered. 

The handbook is full of information under the general classi- 
fications of elements, inorganic and organic compounds, ana- 
lytical chemistry, physical chemistry, industrial chemistry 
mathematical tables, and index. Lange’s Handbook has already 
stood the test of use, and this newer, more complete edition sur- 
passes the others. 


6 TABLES OF FRACTIONAL POWERS 


Lyman J. Briggs, Director of the National Bureau of Standards, 
and Arnold N. Lowan, Project Director of the Mathematics 
Tables Project. Columbia University Press, New York, 1946. 
xxx + 489 pp. 11 tables. 19.5 X 27cm. $7.50. 
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Courtesy, Ernest R. Schierz 


Otto Wallach 


(About 1929) 
(See page 106) 
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Ir you have read Baxter’s “Scientists Against Time,” 
it probably left you with a number of different impres- 
sions. Among these should be the realization that 
the course of the recent war was profoundly affected by 
the efforts of civilian scientists, of whom a large pro- 
portion were young men whose contributions to our vic- 
tory, although unpublicized, were fully as important as 
those of many military heroes covered with medals. 
If no one had interfered with the natural course of 
events many of these young men—perhaps most of 
them—would have been inducted into military service, 
where they might have done all manner of things from 
peeling potatoes in a training camp to furnishing targets 
for snipers’ bullets. But this was a total war, and with 
much difficulty a reluctant Selective Service was forced 
to divert some of the technically trained young men 
into vital civilian work. In a few cases enlightened 
Boards even acted with initiative and took their “‘selec- 
tive” function seriously. At any rate we did manage 
















lB to get some young men to doing the sort of work for 
iB which they were trained and by which they could make 





their best contribution to the national defense. For 
there were not enough graybeards and 4F’ers to man 
the scientific staffs, and furthermore, these particular 
modern fields of science are exactly those in which 
young men have the capacity and the “know-how.” 

And now the war is over and we are trying to evaluate 
the costs, the results, and the efforts expended. In 
making this evaluation, we quite rightly want to show 
our appreciation and discharge our obligations to those 
who were responsible for victory. The elaborate pro- 
visions for veterans’ “benefits” are characteristic of 
American generosity and extravagance, also of a charac- 
teristic lack of discrimination. Machinery which 
proved to be un-selective in getting men in is just as 
un-selective in the aftermath. If one served in any ca- 
pacity under military orders—soldier, sailor, cook, 
clerk, or accountant—he (or she) benefits under a 
generous act of Congress. Why? To recompense him 
for financial loss in exchanging a civilian position for 
amilitary one? For extra pay because of risks incurred 
or dangers encountered? Because his earning power has 
diminished during this time, due to interference in his 
normal training, or for other reasons? ‘To balance the 
advantages of those left at home, who have gone ahead 
to better jobs in the meantime? If these are not the 
real reasons, our generosity is purely gratuitous, or 
full of ulterior motives of one kind or another. 
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Editor's Outlook 


F While each of these reasons is perfectly valid and 
justifiable, there are many cases in which none applies. 
Many received better pay during their military service 
than ever before; many encountered no dangers or 
risks of any sort—merely discomforts, perhaps. If 
one believes the recruiting advertisements, the Army 
affords excellent training for future civilian careers; 
every veteran had been assured at least as good a job 
on his return as that he had left, and many of them— 
members of the “52-20 Club” —were in no hurry for any 
kind of a job. 

The purpose of this is not to criticize the principles of 
the Veterans Act, nor indeed its administration, but 
merely to bewail its inevitable lack of discrimination. 
It not only provides for too much in some cases and too 
little in others, but its very existence diverts attention 
from others who are equally deserving of our apprecia- 
tion. It should be remembered that many of the young 
men who served in vital civilian capacities during the 
war had to be persuaded that this was the way in which 
they could give their most effective service. Their pay 
was not munificent. Insurance was not provided them. 
Their work was not entirely without risk and danger; 
that there were practically no casualties from radio- 
activity in nuclear research and production was rather 
the result of good luck and great care than anything 
else. The spectacular loss of five scientists in the col- 
lision of two airships, while engaged in research on 
underwater flares, is but one example of casualties 
among civilian -scientific personnel. While many 
who were engaged in scientific work did lay the founda- 
tion for future careers, nevertheless many were merely 
“marking time.” One eminent scientist has been 
quoted as saying: “Concentration on the atomic bomb 
has cost the United States an irreparable generation of 
trained scientists.” 

Uncle Sam has undertaken to look out for his “‘veter- 
ans.”’ It seems to be up to the rest of us to see that the 
“civilian veterans’ are not entirely forgotten. The 
veterans’ priorities on every hand, to which we cer- 
tainly do not object, do work some injustices on occa- 
sions. The golden discharge button is a_highly- 
respected badge. The A-bomb button, worn by those 
who were under the Manhattan District, is just as 
honorable. It is too bad there isn’t some similar dis- 
tinction for those in the Radiation Laboratory, the 
Radio Research Laboratory, and the many other scien- 
tific institutions where vital war research went on. 

Small as some of these things may seem to be, they 
are lessons from which we should learn something. If, 
due to our stupidity, we should ever have to do this 
sort of thing again, there are many improvements we 
could make. Let us not forget, either now or at any 
future time, that others besides the ‘‘veterans” were 
responsible for our coming out of this war relatively 
safely. 





OTTO WALLACH: The First Organizer 
of the Terpenes 


March 27, 1947, marks the 100th anniversary of the birth of Otto Wallach. 


WILLIAM S. PARTRIDGE 
and ERNEST R. SCHIERZ 


University of Wyoming, Laramie, Wyoming 


In com- 


memoration of this event the authors have compiled this brief biography of the 1910 
Nobel prize winner. 


Own Marcu 27, 1847, nearly 
100 years ago, Otto Wal- 
lach—the man whom Flu- 
eckiger called ‘‘the Mes- 
siah of the Terpenes’’— was 
born in Koenigsberg, Prus- 
sia. His father was a Prus- 
sian state official. Young 
Otto was rather short in 
stature, with 
eyes and a fine, discrimi- 
nating countenance. 
Reared in a family of 
lawyers, Wallach received 
little sympathy and _his 
Otto Wallach, wpout 45 Years family had little to do with 
his career in chemistry. 

His father was transferred from Koenigsberg to Stet- 
tin and then to Potsdam when Otto was eight years old. 
Here he received his elementary education. 

Wallach was always sickly and rather weak. He suf- 
fered from occasional fainting spells and frequently had 
to miss school. Nevertheless, his father insisted he 
make up the work he missed, which was virtually im- 
possible for the boy. As a result his father considered 
him a poor student and wanted to take him out of 
school, but at this time young Wallach showed that he 
had a good mind and passed his final examinations even 
against his father’s wishes. Just why he wanted to re- 
main in school is hard to say, but he later said that it 
was largely because of his friends. Another incentive 
was a club at Potsdam to which he belonged that en- 
couraged the study of literature and the history of art. 
Here Wallach’s artistic temperament first came to 
light, and he felt an urge toward art and its history. 

Throughout his later life he continued his interest in 
art, and one of the advantages of his home at Bonn was 
that it was close to the Belgian and Dutch schools of 
art. He spent many vacations at these schools studying 
art and made a large collection of water-color paintings. 

Like many other young chemists of that day, much 
of his early chemical education came from Stoeck- 
hardt’s “Schule der Chemie.’”’ The apparatus he used 


Courtesy, George Urdang 


clear blue- 


was crude and homemade, and his experiments, not 
always resulting in too fragrant products, found little 
sympathy from such a great family of lawyers. 

At the age of 20 Wallach decided to study chemistry 
in Goettingen, where he attended the lectures of Woeh- 
ler and worked in the laboratory under Fittig and Hueb- 
ner. However, Woehler, who was 67 years old at the 
time, did not appeal to Wallach and neither did his lec- 
tures. The town of Goettingen also seemed unfriendly 
toward him because he was a Prussian. 

He took his second semester in Berlin where he at- 
tended lectures by A. W. Hofmann, who had just come 
from London as a successor to Mitscherlich. The condi- 
tions there, however, were extremely unpleasant under 
Sonnenschein and so he returned to Goettingen and 
Woehler. There followed a time of restless activity. In 
Woehler’s laboratory indolence was not tolerated. 
Anyone who did not occupy his working place regularly 
received from the Hofrat a letter summoning him to va- 
cate it. The hours in the laboratory were from 7:00 
A.M. until 5:00 p.M., at which time the gas was turned 
off. Some of the students would continue working by 
the light of candles brought to school in their pockets. 
As Wallach was an extraordinary student, he was per- 
mitted to obtain his Doctor’s degree in the summer of 
1869, after only five semesters of study. 

The next winter Wallach went to Berlin as assistant 
to Wichelhaus, where he attended meetings of the Ger- 
man Chemical Society and became acquainted with 
many of his contemporaries. In the spring of 1870 he 
accepted an assistantship in Bonn offered to him by 
Kekulé, another chemist who was an artist at heart. 
The two men got along well together, but their tempera- 
ments were very different. Wallach was continually 
working in his laboratory, while Kekulé did more of his 
work at his desk than he did in the laboratory. 

The two men worked together at Bonn for 19 years 
except for one brief interruption when Wallach went to 
Berlin to work as a chemist in a newly formed enter- 
prise, the Aktien-Gesellschaft fir Anilin-Fabrikation 
(Agfa). However, the noxious gases in the factory were 
so harmful to his health that he soon resigned his posi- 
tion and returned to Kekulé at Bonn. 
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Kekulé gradually withdrew from active participation 
in the laboratory work. In 1879, with the death of 
Mohr, the instruction of pharmacy at Bonn passed on 
to Wallach. Although this was a comparatively for- 
eign field to him, it did have its compensations because 
it was through his lectures in pharmacy that he became 
interested in the chemistry of the volatile oils. 

In October, 1889, Wallach was called to Goettingen 
as the successor to Victor Meyer. He stayed there until 
his death, serving as director of the Institute until he 
retired in 1915. 

At a meeting in 1909 celebrating the appearance in 
Liebig’s Annalen der Chemie of Wallach’s 100th paper 
concerning ethereal oils, he took the opportunity to de- 
scribe how in 1884 he actually got started on the re- 
search while eventually earned for him the Nobel Prize. 
As recorded by Ruzicka(1); 


In a cupboard in Kekulé’s private laboratory there had stood 
for 15 years several unopened flasks containing ethereal oils, 
which Kekulé had procured for research purposes but had not 
used. Kekulé granted Wallach’s request for permission to carry 
out a research on the mysterious contents of the flasks, with the 
words, ‘‘Yes, if you can make anything out of them!’’ accom- 
panied by the ironical laugh that he gave only when he believed 
someone to be on the wrong track. 


Thus Wallach started on the work which earned him 
the name of ‘‘Messiah of the Terpenes.”’ His first paper 
on terpenes appeared in Liebig’s Annalen der Chemie in 
1884 (2). The terpene field at that time was in a state 
of utter confusion. For instance, the hydrocarbon now 
known as pinene had been referred to in chemical litera- 
ture by no less than 20 names, derived for the most 
part from the plant sources from which it had been iso- 
lated. In 1891 Wallach gave a lecture before the Ger- 
man Chemical Society in which he said (3): 


... If one casts a glance over the old literature of the terpenes, 
it does not appear a particularly enticing subject for investiga- 
tion. There were isolated observations in almost incomprehen- 
sible abundance. The textbooks listed a large number of ter- 
penes which were designated by special names according to their 
origin and were held to be really different from one another in vir- 
tue of their physical properties. As is to be seen from the litera- 
ture, it may be that some of the investigators who had carried out 
extensive researches in this field of work had formed correct and 
definite ideas about the relations between the terpenes.. Real 
clarity had been reached on no point. To introduce clearness into 
this widely branched and tangled subject, it was necessary to 
strive for the following: 

(1) All terpenes that are really different from one another must 
be sharply and definitely characterized by their properties so that 
recognition and distinction of the chemical individuals might be 
possible without difficulty. 

(2) The behavior and the mutual relations of the individual 
hydrocarbons must be explicable on the basis of such an exact 
characterization. 

(3) Only after the fulfillment of both of these preliminary 
conditions would it be possible to investigate successfully the 
individual compounds with regard to their constitution. 


When Wallach undertook this seemingly impossible 
work the confusion to be found in the field had discour- 
aged many others who had tried to bring order out of 
chaos. Through ingenuity he developed new methods 
to attack the problems which presented themselves, 
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and before too long he had sufficiently simplified the 
complex names and classified the properties of the dif- 
ferent terpenes so that many other men soon took up the 
work. 

In spite of the many problems that he had to over- 
come, Wallach was able to say, only a year after his 
first publication, that a great many terpenes, formerly 
designated differently and alleged to be of various 
constitutions, were undoubtedly identical. 

His first attack on the problem was to test natural 
terpene mixtures with several simple reagents, includ- 
ing hydrogen chloride, bromide, and iodide, nitroso- 
chloride, nitrogen trioxide, bromine, and nitrogen per- 
oxide, to see whether crystalline reaction products were 
formed. In this way he was able to show that many 
terpenes, then believed to be different, formed the same 
compounds when treated in like ways. He also devel- 
oped new methods of preparation of terpenes. At the 
end of three years’ work he listed eight different ter- 
penes which obviously differed from each other, each 
of which could be prepared and identified by anyone 
following Wallach’s directions. These eight compounds 
were pinene, camphene, limonene, dipentene, sylves- 
trene, terpinolene, terpinene, and phellandrene, of 
which terpinolene was discovered by Wallach and ter- 
pinene had not previously been isolated. 

In 1891 he published a chart showing the relation- 
ship between twelve different terpenes (4). Later, in 
1895, the formula of a-terpineol was published simul- 
taneously in different articles by Wallach (5) and 
Tieman and Semmler (6), and as a consequence, by re- 


-ferring to Wallach’s chart showing the reciprocal ar- 


rangements of the terpenes, the structure of an entire 
series was discovered. 

Thus the foundation was laid—Wallach had pointed 
the way for those who followed—and many others took 
up the work. 

In 1909, not satisfied merely to republish his works, 
Wallach published a comprehensive review of all of his 
life’s work to that time (“‘Terpene und Campher,” Leip- 
zig, 1909 and 1914). He dedicated it to his former stu- 
dents. He not only corrected and revised his own works 
but referred to the work of others where they touched on 
the same field covered by himself and others. 
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Otto Wallach, About 1913 


His work received a great deal of recognition outside 
of Germany as well as in his homeland. In 1908 he was 
elected honorary fellow of the British Chemical So- 
ciety, and in 1909 he received an honorary degree of 
Doctor of Science from the University of Manchester 
and an honorary degree of Doctor of Medicine from the 
University of Leipzig. In the same year he received an 
honorary Doctor of Engineering degree from the 
Braunschweig Technical Institute. In 1912 he was 
honored by many societies: the Verein Deutscher 
Chemiker tendered him an honorary membership; 
the Deutsche Chemische Gesellschaft elected him to its 
presidency; he was elected an honorary member in the 
Société Chimique de Belgique, and in November of the 
same year he was awarded the Day Medal by the Royal 
Society. 
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“In recognition of the services rendered by him to or- 
ganic chemistry and chemical industry, through his 
pioneer work in the field of azoxy compounds” (7) 
Wallach was awarded the Nobel prize in 1910. 

At the age of 86 died one of the greatest organizers 
and research chemists that organic chemistry has known, 
He never married, but he lived the existence of a man 
whose life was marked by singleness of purpose and on 
whom popular acclaim had no influence. Although 
his activities had boundaries, his educational back- 
ground was not slighted and therefore his interests 
were broad and his personality correspondingly attrac- 
tive. He looked for professional accomplishment and 
personal attachments and found both. 

The field of organic chemistry would have a large gap 
in it if Wallach’s work were missing. His perseverence 
and careful experimentation did much to bring analysis 
in organic chemistry to so high a degree of perfection 
that it has become possible to follow an analytical pro- 
cedure therein with nearly the same degree of certainty 
as the search for the elements in an inorganic substance. 

It has been true throughout the history of chemistry 
that the men who advance the theories—the dreamers— 
depend on contributions of the careful methodical ex- 
perimenters. Wallach fell into the latter category. He 
was of a firm conviction that exact and trustworthy 
facts always retain their worth, whereas the importance 
of theories and hypotheses is often overemphasized. 
He was not a man to jump at conclusions, but was al- 
ways extremely exact and thorough in his scientific ex- 
periments, so that today all the 129 papers that he pub- 


’ 


. lished stand largely undisputed. His highest ideal was 


not theory, not the formula, but carefully and reliably 
performed experimentation. 
Chemistry needs more men like him. 
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Tue American wood chemical industry was dead, 
dead as Scrooge’s partner, Old Marley, and nobody ex- 
pected its ghost to rise. Its messy little plants might 
as well be scrapped, its stockpiles sold off, its affairs 
wound up as quickly and economically as possible. 
That was the 1925 verdict, when in the single month of 
February, 62,971 gallons of synthetic methanol were 
landed in New York from Germany and offered to as- 
tonished and obviously delighted consumers at 45 
cents a gallon, duty paid. This was 28 cents less than 
the price of the American wood chemical product. 

Knowing the Germans of old, nobody doubted that 
they could slash the price of synthetic methanol 
deeper nor that they would hesitate to do so if it served 
their purpose. Just to drive a nail in the coffin of the 
American industry, chemically conscious Trade Com- 
missioner Daugherty reported from Berlin that the 
current production of synthetic methanol at the great 
Leunawerke plant of Badische was a thousand tons 
monthly and that plans to double it immediately had 
been approved. - 

It was as plain as two plus two that the American 
wood distiller, who for years had ruled over world 
markets for the methyl group of chemicals, was des- 
tined to furnish another dramatic episode in the vic- 
torious war that chemical synthesis was waging against 
the slower, more clumsy processes of nature. Soon, 
so every one believed, wood alcohol and acetate of lime 
would join sour milk and the indigo plant in the museum 
of chemical relics.? 

As is chemical custom, nobody wasted sympathy 
on the doomed industry. Its customers welcomed the 
synthetic product, grateful for its lower price, delighted 
over its greater purity. Its contemporaries in other 
divisions of chemical industry faced the facts with 
callous realism. They were hardened to such technical 
revolutions. Many of them had battled desperately 
to avoid just such catastrophies, and they observed 
rather heartlessly that wood distillation was an ob- 
solete process, and that was that. It became fashion- 
able to pillory the wood distiller as a horrible example 
of what happens to an industry that neglects research. 
Invidious comparisons were made between its primitive 
little plants and the great copper and stainless steel 





1 This material is abstracted from a chapter of the forthcoming 
Volume IV of the ‘‘American Chemical Industry: A History” 
and is copyrighted by D. Van Nostrand Company, Inc., all 
rights reserved. 

2 For a good general description of the chemical utilizhtion of 
wood, see H. K. Benson, Dept. Com., Natl. Comm. Wood Utili- 


zation, Rept. No. 22 (1932). 
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WOOD CHEMICALS MEET 
SYNTHETIC COMPETITION’ 


WILLIAMS HAYNES 
Stonington, Connecticut 


monuments of modern chemical engineering skill from 
which pure methanol poured in an ever-increasing 
stream. Few credited the wood distiller with having 
for years turned the wastes of lumbering into valuable 
chemicals or explained that his primitive technique and 
antiquated sales methods had been governed by eco- 
nomic conditions largely beyond his control. Nobody 
had the faith to believe that this outmoded industry 
could gather itself together, adopt modern methods, 
and rise phoenix-like from the ashes of its own tech- 
nological ruin.: 

There was, in faith, little reason for any such opti- 
mistic convictions. The industry was scattered and 
the typical plant small and inefficient, but a great deal 
of money had been made out of these operations. 
Enjoying a real monopoly of methanol, acetate of lime, 
and charcoal, the wood distillers had made little effort 
to improve their processes or to reduce their costs. 
Most of the conversions to modern practice savored of 
deathbed repentances, and salvation was found only 
by bringing over processes that had been perfected in 
Europe. But the fact remains that, upsetting all the 
funeral arrangements, the corpse of this industry 
simply refused to stay dead. 

The blow of synthetic competition fell like the blade 
of a guillotine. Yet for several years there had been 
threatening rumors of such a process being perfected 
in Europe. The suggestion of the great French 
chemist, Paul Sabatier, made in 1905, that methanol 
might be synthesized from carbon monoxide had set a 
number of Continental investigators at work on this 
problem. The war interrupted these researches, but 
with the return of peace they were taken up with fresh 
gusto. m 

M. Patart of the French Bureau of Explosives had 
carried on the negotiations with Badische for the pur- 
chase of the Haber process. Fascinated by the pres- 
sures involved in ammonia synthesis, he conceived the 
idea that these same principles might facilitate the 
synthesis of methanol from carbon monoxide and hy- 
drogen, a reaction which at normal pressures results in 
the formation of methane and water.* His expectations 





3 Patart’s process was based upon the principles of van’t Hoff 
and the law of Le Chatelier’s that displacement of the equilib- 
rium point would be favored, in this case by increased pressure, 
and that the same catalysts which accelerate splitting a com- 
pound into its components will also accelerate the reformation 
of the same compound. His patent claimed as catalysts all 
metals and their oxides and salts known to favor oxidations and 
hydrogenations, and disclosed a temperature range of 300° to 
600°C. and a pressure range of 150 to 200 atmospheres. 





110 


worked out successfully and he was granted a patent on 
August 19, 1921. Although several other chemists, 
including Sabatier himself and Calvert in England, had 
claimed to have obtained methanol from this same syn- 
thesis, Patart’s French patent, No. 540,543, was the 
first official claim of a workable method. It purports 
to disclose six types of reactions, only one of which is 
workable, and that one only if one discovers a catalyst 
which is not disclosed in the patent. The Patart 
process was never a commercial success, although 
with the financial backing of the French Ministries of 
War and Commerce, a semiplant operation was set up 
near Paris in 1922. 

All this time the Germans had been ominously 
silent. But they had not overlooked either the chemi- 
cal or the commercial potentialities of synthetic meth- 
anol. As far back as 1916 they had taken out a blanket 
patent‘ for “compounds containing carbon and hydro- 
gen,” so broad that it embraced almost the entire 
field of the synthetic production of alcohols. While 
the French were building their experimental plant, 
Badische was rushing to completion a big-scale opera- 
tion at Leunawerke. Some wild stories about this 
plant, its enormous capacity, and its very low costs, 
began leaking out of Germany during 1924. 

However much these stories might be discounted as 
propaganda, the project did make sense. It matched 
perfectly the pattern of German postwar chemical 
plans and conformed exactly to the logic of their chemi- 
cal situation. While the I. G. had no intention what- 
soever of limply surrendering the world’s dyestuffs 
market to its young competitors in Great Britain and 
this country, nevertheless it was straining to reach out 
into new fields: ammonia and concentrated plant 
foods, solvents and plasticizers, rayon and _ plastics, 
and synthetic fuels. With these products the Dye 
Trust planned to regain its lost position as cock of the 
chemical walk. The German need for exports to 
establish foreign credits, so great at this time that it 
amounted to a national crisis, could be relieved by ex- 
porting these new chemicals, and underlying the entire 
program was the tough old problem of lacking raw ma- 
terials. Under these circumstances, synthetic meth- 
anol was an obligatory product. It was plain that the 
new chemistry would make great use of the methyl 
radical, and Germany lacks both hardwood and methane 
to provide this versatile chemical group in the quantities 
needed. 

Impressive evidence that this step in the German 





4U.S8. Pat. No. 1,201,850, issued Oct. 17, 1916, to A. Mittasch 
and C. Schneider, assigned to Badische, which was taken over 
by the Chemical Foundation and licensed, either directly or in- 
directly, during 1925 to Union Carbide, du Pont, Commercial 
Solvents, Mathieson Alkali, General Motors, General Electric, 
and one of the Standard Oil companies. See Chem. & Met. 
Eng., 32, 462 (1925). 

5 This problem was not solved even at the end of World War II, 
when one of the American chemical engineers who inspected the 
plants and studied the records of the I. G. wrote: “Everything 
that we saw, everything that we read, revealed that the basic 
German chemical problem and the aim of most of their research 
were how to have a modern chemical industry without petro- 
leum.” (Walter J. Murphy to author, Dec. 18, 1945.) 


JOURNAL OF CHEMICAL EDUCATION 


chemical program had been successfully consummated 
was presented to the American chemical industry in 
February, 1925, with the landing of German synthetic 
methanol at New York. By May the total imports 
exceeded a quarter of a million gallons. 

The sudden appearance of sizable quantities of this 
important chemical at two-thirds the former quotation 
created a turmoil. Consumers and producers were 
stunned. Buyers recovered promptly and scrambled to 
secure the low-cost material. The wood distillers 
hurried to Chicago to attend a special session of the 
National Wood Chemical Association. From their 
headquarters at Bradford, Pennsylvania, came a, care- 
fully worded statement, explaining their desperate 
position, blaming the I. G. for attempting to regain 
its lost domination of the chemical world by unscrupu- 
lous methods, endeavoring to rally popular support 
by emphasizing the economic importance of chemicals 
and the disastrous effects of the elimination of the 
American wood chemical industry. Fat was thrown in 
the fire by rumors that Badische agents had come to 
this country to sell this revolutionary process to the 
highest bidder and that du Pont’s ammonia subsidiary, 
Lazote, planned to embark on methanol synthesis. 

On May 6 a full attendance of the special committee 
of the National Wood Chemical Association gathered 
at Buffalo under Chairman William Matthews to 
hear the report of the special subcommittee headed by 
Dr. M. H. Haertel, assisted by S. H. Stilling and W. L. 
Heim.* This report came to grips with the situation. 
It discounted the reported German costs-as bait for the 
sale of the patent and estimated that with a 12-cent 
duty and 16 to 18 cents freight and drum costs, plus a 
selling commission, the Germans, to avoid exclusion 
under the Anti-Dumping Law, must allow at least 30 
cents a pound for importation costs. It was noted that 
while sales here had been reported as low as 39 cents, 
the price in Germany was 50 cents. 

The position of the average American producer was 
summarized in his yields from a cord of wood: 10 
gallons of crude methanol at approximately $4.50; 
200 pounds of acetate of lime worth $5.00; 50 bushels 
of charcoal worth $7.00; a total of $16.50 per cord. 
Providing the tariff of 12 cents a gallon was increased 50 
per cent, the limit permitted under the law, 7. e., to 18 
cents per gallon, this report concluded that even if the 
Germans forced a cut of 10 cents a gallon in pure meth- 
anol, this would mean a loss of only $1.50 per cord, 
leaving a net gross sale of $15.00. 

The report was approved unanimously and, united 
by the common danger, every wood chemical producer 
in the country, 88 firms, joined in the petition to the 
Tariff Commission, requesting full increase in the duty, 
which was presented by their counsel, Thomas J. 
Doherty. The Tariff Commission promptly ordered an 
investigation of domestic and foreign costs, which was 
completed during September, 1925. However, it was 





6 Besides these four the Special Committee consisted of W. L. 
Saunders, W. J. Cuming, M. F. Quinn, J. Merwin, C. B. Hall, and 
W. Z. Georgia. 
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* 
not until June, 1926, that public hearings were held. 

By this time the situation had so clarified that testi- 
mony at these hearings, and especially the masterful 
Report on Methanol, written for the Tariff Commission 
by Carl R. DeLong, chief of the Chemical Division, 
presented a broad picture in sharp focus.’ It had been 
definitely settled, for example, that because synthetic 
methanol does not contain the aldehydes, ketones, 
allyl alcohol, and various acids found in the product of 
wood distillation which give it its distinctive taste and 
odor, the pure product is less suitable as a denaturing 
agent. Recognizing this and prompted to aid an 
American industry, the Treasury Department specified 
crude methyl alcohol in both completely and specially 
denatured formulas. Thus, by a ruling, an outlet was 
created for about a third of the output of the American 
industry. This exclusive market, which promised to 
grow, and its joint products—acetate of lime, tar, and 
especially charcoal—gave the wood chemical industry a 
fighting chance of survival. 

The Board’s final decision was delayed by summer 
vacations, but the recommendation was unanimous 
for an increase in the tariff to 18 cents. Presiderit 
Coolidge proclaimed this new rate effective as of 
November 29, 1926. Almost immediately the price of 
acetate of lime advanced 25 cents to $3.50 a hundred- 
weight, and a week later the price of the denaturing 
grade of methanol moved up 5 cents to 80 cents a gal- 
lon. ‘Though these higher prices were certainly justi- 
fied, they followed the 6-cent increase in tariff so 
quickly and so closely that they reawakened the old 
antagonism between the consumers and producers. 

Historically, this group of chemicals had been in- 
famous for wide fluctuations, and during the war when 
the demand for acetone for cordite manufacture far 
exceeded the capacity of the distillation plants, quota- 
tions soared skyward. Such violent variations in price 
are economically inherent in a related group of chemi- 
cals produced from by-product materials in many 
small, decentralized plants. They evidenced a basic 
instability that had always dogged the wood distillers. 
Nevertheless wood chemical producers and refiners had 
always run prices up quickly as high as possible on the 
flimsiest excuse. But in 1926 these high prices were 
short-lived. By May the wood distillers were forced 
to lower the quotations on pure methanol (95 to 97 per 
cent grade) by 17 cents a gallon. The price of the de- 
naturing grades remained unchanged, and chemical trade 
witnessed the almost unique price situation of a crude 





7 “Personally, I think this case is a good example of the futility 
of trying to use tariffs to meet competition from inevitable 
scientific progress. I argued this with the Tariff Commission 
before the investigation was made on the basis that this was a 
really new development and in a short time it would be estab- 
lished in the U. S. so any increase in duty would be of temporary 
benefit to the wood chemical industry. However, the politicians 
insisted on making the investigation and I had to do the best 
job Tcould.” (C. R. DeLong to author, June 4, 1946.) 

* “The practice persists. The modern notion of greater vol- 
ume, lower cost, improved quality, and a gentler regard for the 
buyer has not been generally adopted by the wood distiller from 
his more successful synthetic cousin.” (Douglas Calder to 
author, July 23, 1946.) 
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material selling for 12 cents a gallon higher than its 
refined product. Refined methanol had to meet the 
price announced by new, domestic manufacturers of 
the synthetic, who were quoting 68 cents a gallon in 
tank cars to meet the German price of 68 cents in 
drums laid down in New York. 

Repeated rumors of an American production of 
synthetic methanol had disturbed the wood distillers 
for some time. Trade gossip associated with such a 
project the names of a number of large chemical com- 
panies: du Pont, “U.S.I.,”” Union Carbide, Commercial 
Solvents, Mathieson Alkali, and even such, strong 
outsiders as General Motors and Standard Oil. Bad- 
ische denied time and again that it sold the American 
rights to its patent “to du Pont or anyone else.” In 
1926, shortly before the higher tariff duties were pro- 
claimed, the much discussed American synthetic pro- 
duction became a fact. Almost simultaneously du 
Pont and Commercial Solvents brought their new 
methanol plants on line. 

The two ventures differed both in origin and opera- 
tion. The du Pont process, the result of two years’ 
concentrated work by the company’s research and 
engineering staffs, dovetailed with its production of 
synthetic ammonia at Belle, West Virginia, in the puri- 
fication of the hydrogen-nitrogen mixture for ammonia 
synthesis, carbon monoxide was removed and by pass- 
age over a catalyst combined with the hydrogen to 
form methanol.’ This was removed by condensation 
along with such impurities as water, methane, and sul- 
fur, under a pressure which promoted the subsequent 
ammogia synthesis reactions. Hydrogen, as such, 
was not provided for the methanol synthesis, which 
was accomplished while the gases were being purified 
on their way to the ammonia reaction chambers, thus 
achieving in a single operation the economic synthesis 
of two chemicals. This process was abandoned within 
a couple of years, replaced by one in which methanol 
was synthesized from water gas. 

The Commercial Solvents’ operation, on the other 
hand, grew out of the utilization of by-product hydro- 
gen and carbon dioxide formed during fermentation 
of corn to produce butanol. An obvious solution of 
this waste problem was the synthesis pf ammonia, and 
after semiplant equipment had demonstrated that it 
was commercially feasible to produce pure H; from the 
fermentation gases, the Nitrogen Engineering Corpora- 
tion of New York was commissioned to design and in- 
stall at Peoria a plant with a daily capacity of 12 tons of 
anhydrous ammonia. But ammonia synthesis left un- 
accounted for large volumes of waste carbon dioxide. 
At least a quarter of this would be consumed in meth- 
anol synthesis.!° Accordingly, while the ammonia 





® When du Pont acquired Roessler & Hasslacher in 1930, it 
got the Storch patents (U. S. Pats. Nos. 1,681,750-3, granted 
August 21, 1928) on copper catalysts for the conversion of CO 
and H.O to methanol. 

10 “The reaction is 3H. + CO, — H.O + CH;0H. As the 
hydrogen volume ran 40 to 42 per cent, production of methanol 
utilizes only about 25 per cent of the CO,.” (Chas. A. Gabriel 
to author, June 3, 1946.) 
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plant was being built, the Research Department went 
to work testing all possible catalysts under a wide range 
of pressures to evolve a practical methanol synthesis 
adapted to their peculiar requirements. 

A contest developed to see whether the ammonia 
plant or the methanol process would be finished first, a 
race that ended virtually in a dead heat. The alcohol 
synthesis was advanced from the laboratory to a 50- 
gallon-a-day pilot plant. The ammonia equipment 
was run for 30 days and proved out at almost twice the 
12-tons-a-day rated capacity. This was an imposing 
demonstration of plant efficiency. Nevertheless com- 
mercial considerations tipped the scales in favor of 
methanol. The double salvage of hydrogen and car- 
bon dioxide was a weighty argument.’ More than this, 
the ammonia market at the time was oversold with du 
Pont’s Belle plant in production and the larger Allied 
plant at Hopewell under construction. The demand 
for methanol, on the contrary, was still growing, and 
there was every prospect that the increased tariff would 
prevent the Germans from monopolizing the market. 
The ammonia apparatus was therefore readjusted, the 
catalyst changed, and the new plant began turning out 
methanol on a commercial scale on May 11, 1927. By 
autumn daily production amounted to 4500 gallons of 
pure methanol. 

The process at Peoria was very simple. The waste 
gases were scrubbed under pressure to remove part of 
the carbon dioxide, further compressed to about 4500 
pounds, then run over the catalyst at an elevated tem- 
perature. Distillation of the methyl alcohol-water 
mixture yielded a practically 100 per cent methanol. 
The availability of the waste gases made this opération 
exceedingly economical and the installation at Peoria 
doubled. The du Pont Ammonia Corporation also 
promptly expanded its methanol production and late in 
1929 announced plans to treble the output at Belle 
where the capacity was 2,000,000 gallons of this and 
other alcohols a year. , 

In spite of the appearance of American synthetic 
methanol and of the higher duty, during December, 
1926, and January, 1927, the first two months after the 
50 per cent rises in tariff, German imports reached 
312,196 gallons, the largest on record. During 1927, 
however, American synthetic production got into full 
swing. It was confidently forecast that it would shortly 
drive the German material off the market and that the 
position of the wood distillers was more precarious 
than ever. 

But the wood distillers refused to admit defeat. In 
fact, they displayed a great burst of activity which was 
by no means their death throes. These activities were 
both commercial and technical. 

By 1930 only a handful of plants were operating on 
less than 40 cords a day. The growth of the average 
unit was due partly to these new, big plants and partly 
to consolidations. Conspicuous among these was the 


Keystone Wood, Chemical & Lumber Corporation, into 
which M. F. Quinn consolidated his numerous small 
plants in a single operation at Glenfield, New York. 
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While this amalgamation began in 1925 and was signal- 
ized by the installation of a larger, improved type of 
vertical retort, it culminated in 1927 in the organization 


of this corporation, with 15,000 preferred shares of 


$1000 each and 15,000 shares of no-par common, 
During the 1920’s the explosive changes within the in- 
dustry and the outside pressure of synthetic competi- 
tion closed more than 30 small, independent wood 
chemical plants. 


Pressure of German competition cracked wide open: 


the weak disorganized sales system of this decentral- 
ized, small-unit industry and, to meet it, a united front 
in sales was organized in two different directions. The 
Wood Distillers Corporation of Olean, New York, was 
organized in 1928 and made a contract with Thomas 
Keery Company of Hancock, New York, to take crude 
methanol from the affiliated companies, refine it, and 
market the finished product. 

But this ambitious effort to unify production fell 
apart within a couple of years, partly because of diver- 
gent interests, but chiefly because of the group’s in- 
ability to secure sufficient refining capacity to take care 
of the production of its members. In the sale of char- 
coal a similar, longer-lived movement was no more 
successful. 

As if the upset in methanol were not enough, these 
crowded years saw a parallel disturbance of acetic acid 
processes and markets. The chemical uses of this acid 
increased by leaps and bounds due, chiefly, to the grow- 
ing production of cellulose acetate film and filament 
and the new employment of organic acetates as solvents. 
Coinciding with this came the first imports of synthetic 
acetic acid, a combination which made obsolete the old 
method of distilling acetate of lime with sulfuric acid to 
produce acetic acid. The already hard-pressed wood 
distillers were forced to adopt direct methods of pro- 
ducing the free acid. 

Synthetic acetic acid from calcium carbide was a 
Canadian chemical triumph, an outgrowth of the war- 
born effort to synthesize acetone as a cordite solvent 
at the plant of the Canadian Electro Products Com- 
pany, subsidiary of the Shawinigan power interests. 

Two processes for direct recovery of acetic acid from 
crude pyroligneous liquors were the answer to these 
synthetic developments. The Brewster process was 
developed in England in 1923 by Dr. Theodore J. 
Brewster. It depended upon extraction by isopropyl 
ether. 

In the meantime the Suida process" had been in- 
stalled at the Forest Products Chemical Company. 
The process as adapted at the big Memphis plant dis- 
played certain modifications of original European prac- 





11 Depends upon the solvent action of a heavy tar oil distillate 
upon acetic acid vapors. The still vapors are passed into the 


-bottom of a scrubbing tower and the tar oil enters at the top, ab- 


sorbing the acetic acid and condensing some water, while the 
methanol, acetone, the other constituents of the crude pyroligne- 
ous vapors, and the remaining water escape from the top. The 
acetic acid-water-tar oil mixture is separated by successive pas- 
sage through scrubbing and stripping columns and by final recti- 
fication. he Brit. Pats. Nos. 218,271-2 (1927); U. S. Pats. 
Nos. 1,621,441 and 1,624,810—2 (1927). 
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tice perfected by Professor Suida of Vienna. These 
were accomplished after years of experimental work by 
Forest Products chemical engineers, led by T. C. Albin. 
Both these processes have persisted,!? the Brewster iso- 
propyl ether recovery being particularly adaptable in a 
cellulose acetate plant, while the Suida process enjoys 
the advantages of continual reuse of high-boiling tar 
oils. 

Two years before the German synthetic invasion 
another large wood chemical plant, operating upon 
the closely integrated use of waste raw materials and 
self-consumed finished products and employing another 
novel process, was established in Michigan. It was 
adjunct to the wood-working plant of the Ford Motor 
Company. In many ways this was a decided innova- 
tion. Its chief source of raw material was not lumber- 


ing waste, but the scrap from the body plant—chips, © 


shavings, and even sawdust, all quite unsuitable for 
carbonization in the regulation iron buggies. By 
necessity, some process capable of employing this finely 
divided material had to be adopted and the Stafford 
process was installed. The waste from the company’s 
lumbering operation, reduced to chips in a hogging 
machine, was mixed with the wood-working plant’s 
scrap, dried and preheated by the waste flue gases from 
the power plant, fed into a vertical retort where the exo- 
thermic reaction raised the temperature of the fresh, 
incoming scrap to the reaction point., The rapid heat 
exchange between the incoming dry material and the 
hot vapors eliminated the necessity for stirring or agi- 
tating the charge, and once the retort was in operation, 
no further application of heat was needed from the 
outside. 

Employing both lumbering and wood-working wastes, 
this Iron Mountain operation supplied ethyl acetate 
for the Ford finishing plant. The production of this 
solvent by direct esterification of the weak pyroligneous 
acid was the most novel feature of this unique wood 
chemical plant. Charcoal, which of necessity had to 
be briquetted, was sold, bagged, and branded through 
retail channels. This plant, which went on line August, 
1924, was a model, not only of chemical engineering 
skill but of exacting “housekeeping” for which all Ford 
plants are famous. 

The Ford and Eastman plants were something quite 
new in the wood chemical industry—operations by firms 
that had no forest background. The fresh point of 
view—highly mechanical and exceedingly cost-con- 
scious among the Ford management and essentially 
chemical on the part of Eastman—was exhilarating to 
the entire industry. Their famous names, their ample 
resources, the scale of their operations, their thoroughly 
modern approach to the old technique of wood distilla- 
tion, and, above all, their confidence, despite synthetic 
competitors, furnished both encouragement and in- 


12 BrewstTER, Brit. Pat. No. 187,603 (1922), later modified by 
Carbide & Carbon Chemicals Corporation, U. 8. Pat. No. 1,995,- 
965 (1935). For comparative merits, see E. R. Rimcet, “{Indus- 
trial Chemistry,’”’ 2nd ed., Reinhold Publishing Corporation, 
New York, p. 258, and E. P. Ducuemin letter in Chem. Markets, 
19, 1401 (1926). 





* verkohlungs Industrie A. G. 





113 


spiration. Their practice preached the gospel of new 
methods—chemical control and mechanization—and 
proved the dollars-and-cents worth of preheating wood 
and the direct recovery of acetic acid. 

The example of these operations also strengthened 
the tendency toward fewer and larger plants. They 
discounted the loss of the charcoal-iron business and 
the fear of new rivals, so that bolder spirits among the 
wood chemical men were prompted to follow the trail 
they blazed. 

Acetone was also profoundly disturbed during this 
period. During the war its dire need as a solvent 
made it the chief end of the butanol fermentation of 
corn. With the return of peace and the new demand 
for butyl alcohol and butyl acetate from the youthful 
lacquer industry, acetone became a by-product and 
the price fell. 

England was the battleground of the fight between 
American surplus fermentation acetone, synthetic ace- 
tone from Canada, and natural acetone from the Con- 
tinent. With the removal of the 33.3 per cent duty 
levied under the Key Industry Act, synthetic material 
took control of the market. Its production increased 
in Canada, and two new synthetic processes were an- 
nounced—the one in Germany" from alcohol, by treat- 
ment with steam in the presence of catalysts, and in 
this country from propylene obtained from natural 
gas. American supply continued to come chiefly from 
the secondary product of butyl alcohol fermentation. 

The acetyl (CH;CO) and methyl (CHs) radicals 
were rapidly assuming a new prominence in plastics 
via formaldehyde, in dyes, in solvents and plasticizers, 
in antifreeze, and conspicuously in acetic anhydride for 
the manufacture of cellulose acetate and methyl chlo- 
ride as a refrigerant. Within a very few years require- 
ments for their base materials—methanol, acetic acid, 
and acetone—far outstripped the capacity of the wood 
chemical industry. Had it not been for the synthetic 
processes, this whole development would have been 
dwarfed. The same technological progress that ruined 
the small wood distiller enormously widened the chemi- 
cal horizon. As early as 1920 it had brought Kodak 
into the manufacture of these chemicals, and in 1925 
another consumer, the American Cellulose & Chemical 
Manufacturing Company, Ltd., invaded the chemical 
market, offering acetic anhydride of higher quality and 
lower price than had been previously available. 

Amid these kaleidoscopic changes the wood chemical 
industry survived. By creating a wholly artificial 
market for natural methanol, Prohibition undoubtedly 
made this possible. But it would have been impossible 
if amid the cyclone of technological progress that swept 
away many smaller operators, a few courageous leaders, 
old and new, had not braved the storm and in its teeth 
rebuilt their operations from the ground up. This 
meant not only the adoption of new processes and the 
opening up of new outlets, but the adoption of a fresh, 
a strictly chemical, point of view. 


13 Roxa, K., Ger. Pat. No. 475,428 (1924), assigned to Holz- 








& A USEFUL CONVENTION 
FOR CONSECUTIVE REACTIONS 


F'or all chemical reactions except ionic reactions or 
simple displacement reactions, a series of steps or con- 
secutive reactions is involved. If one wishes to indicate 
the steps in a reaction, it is customary to represent them 
either by a series of separate equations, repeating the 
formula of one product of the preceding reaction, or by 
continuing from one reaction to the next by means of an 
arrow without repeating the formula of the main prod- 
uct of the previous reaction. As illustrations of these 
two methods we may use the formation of an osazone 
from an a-hydroxyketone. Using the first method one 
writes 


RCO 
+ Cs;H;NHNH: > d + H;0 
RCHOH 


ROHOH 
b + C;H;NHNH; ad 
RCHOH 


RC=NNHC,H; 
+ C,H;NH2 + NH; 


RC=0O 
RC=NNHC,H; RC=NNHC,H; 
| + CsH;sNHNH:2 > d + H.O 
RC=0 RC=NNHCG.H; 


By the second method the reactions would read 


oh C,H;NHN He —> | ad H,0 
RCHOH 


RCO 
RGHOH 


7 RC=NNHC,H; 
C.H;NHNH; + CsH;NH; + NH, 
y RC=0 


RC=NNHC,H; 
CsH;NHNH2 | + HO 
iat hake RC =NNHC,H; 





The first procedure is unambiguous but space-con- 
suming on the printed page and time-consuming when 
writing on the blackboard. The second method is 
somewhat shorter but may be confusing, especially to 
students, since the minor products of the reaction, which 
do not enter into subsequent reactions, are not readily 
distinguishable from the main product and from the 
reagent of the subsequent reaction. All of these objec- 
tions can be overcome by adopting the simple conven- 
tion of writing formulas for reagents consumed in the 
reaction above the arrow and for minor products of the 
reaction below the arrow. For example, 


Cc. R. NOLLER 
Stanford University, California 


RCO ©,H,NHNH, RC=NNHCHs ©,H,NHNH: _ 











RCHOH H:0  RGHOH C.HsNH: + NH; 
RCO H:O = RC=NNHG.H,; 


This convention not only keeps the reactants and 
products close to each other without confusion, but 
centers the attention on the important intermediates in 
the reaction. It is useful particularly in representing 
the mechanism of organic reactions where the number 
of steps may be rather large and reagents and minor 
products not readily distinguishable. As an illustra- 
tion we may use this convention to represent the effec- 
tive steps in the acid catalysis of the esterification of 
carboxylic acids by primary alcohols (cf. Hammett, 
“Physical Organic Chemistry,” McGraw-Hill Book 
Company, New York, 1940, p. — 


+ 


yO HBPR—C=OH}* R'0H - 
RE =| d | = to ie 


H 
— OR’ 7 
HB nO ad OR’ J+ 
Pe aa on HOH Ries 
H 


E nog 


No 


This sequence states that equilibrium is none by 
the following steps: A proton is transferred from the 
acid HB to an unshared pair of electrons on the car- 
bony] group of the carboxylic acid with the elimination 
of the base B~. The carboxyl carbon atom of the in- 
termediate ion combines with an unshared pair of 
electrons of the alcohol molecule R’OH, giving another 
ion intermediate, which loses a proton to the base B-, 
forming the acid HB and a neutral intermediate. The 
acid HB transfers a proton to an unshared pair of elec- 
trons on a hydroxyl group of the neutral intermediate 
with elimination of base B~ and the formation of another 
ionic intermediate. Loss of water gives rise to a fourth 
ionic intermediate which loses a proton to the base B~, 
regenerating the acid HB and producing the neutral 
ester. The reverse reaction represents the acid cat- 
alyzed hydrolysis of the carboxylic ester, the reagents 
consumed being below the double arrow and the minor 
products above the double arrow. 
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In rae past half-dozen years, those whose research 
had carried them into the study of the atomic nucleus 
were witnesses to an interesting phenomenon—the 
birth of a new industry—the Atomic Energy Industry. 
To be sure other industries have been developed in 
years gone by and still others will appear in the future 
as a result of scientific research carried on with no 
other aim at the moment than the exploration of the 
unknown. Today, tomorrow, or next year, in some 
laboratory will be sown the seeds of future industries 
which, to a greater or lesser extent, will change the 
manper of living of people for generations to come. 

What then is unique about atomic energy that its 
development merits particular attention? In the first 
place atomic energy shows promise of developing into a 
basic part of our economy as a source of power. It is 
not at all inconceivable that atomic energy will change 
our existence to the same extent or more so than the 
development of such other sources of power as the steam 
engine and the electric generator. 

Atomic energy has captured the imagination of all 
who have come in contact with it. To the scientist the 
machines of atomic energy unlock the door to limitless 
new observations, to the ultimate structure of matter, 
to new chemical elements, to the radioactive tracers 
that will allow new or better insight into the reactions 
of both inanimate matter and the life processes. To 
the engineer atomic energy presents the challenge of 
developing a new technology entirely foreign to pre- 
vious engineering practice and the prospect of installing 
these power plants in remote sections not blessed with 
the natural sources of power—coal, water power, and 
petroleum. Since power is basic to the development 
of an industrial economy, the engineer may also look 
forward to industrial development in the many regions 
of the earth which are otherwise equipped with the 
necessary raw materials but which have no available 
power. 

The atomic power plant will be a curious installation. 
It will have very few of the characteristics of power 
plants as we know them now. The materials of con- 
struction will be as strange as the fuel. It is the na- 
ture of this new industry, the problems that beset it, 
and the prospects which it offers for the future that 
will be dealt with in this discussion. 

Before beginning, it is worth pointing out that the 
development of the atomic energy industry cannot at 
present follow the normal development of a new indus- 
try. This stems from the fact that atomic energy 
first emerged as a military weapon, by far the most dev- 





1 Presented before the Dulvenity of California Extension 
Division, November 8, 1946. 
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astating weapon ever devised. Its development, 
under present circumstances, will be carried out to a 
considerable extent under secrecy. Progress will 
certainly not be as rapid as it would be with free inter- 
change of ideas and without the necessity of expending 
effort upon military aspects. From this it is seen that 
the threat of atomic warfare is a problem in the de- 
velopment of this industry every bit as knotty as the 
technical problems. For the present we will discuss 
the atomic energy industry within the framework of a 
control system, assuming that such a system will come 
into existence. 

A further consideration is worth noting before dis- 
cussing the problems and prospects of an atomic 
energy industry. This is to place the present stage of 
development in proper perspective on a time scale. 
Atomic energy is too new a concept to be thoroughly 
digested at this stage. It will be remembered that 
Faraday discovered the principles of electromagnetic 
induction about 1825, yet it was literally generations 
before sizable industrial installations embodying these 
principles became a reality. In the case of atomic 
energy we have the unique experience of seeing the 
germ of an idea transmitted into a large industry in a 
period of time in which even one with a poor memory 
can recall the salient details of the development. It 
was in 1939 that two German workers, Hahn and Strass- 
mann, were driven to the conclusion that uranium 
atoms actually split in two under the stimulus of a 
small particle, the neutron. Literally within a matter 
of days, the significance of this discovery with respect to 
energy release was realized and experimentally con- 
firmed. The observations were made on but a few 
atoms by means of sensitive instruments that could 
measure the energy of the reaction indirectly. How- 
ever, a means of multiplying this reaction, first ob- 
served with a few atoms, to a scale’ where staggering 
amounts of energy could be liberated, was soon en- 
visioned. This method depends upon what is called a 
“nuclear chain reaction,” and I shall spend some time 
presently describing the “chain reactors” which con- 
stitute the only known means of releasing large scale 
atomic energy. By the end of 1942 the first nuclear 
chain reaction had been demonstrated in Chicago, and 
within a very few months construction had actually 
started on the huge Hanford Engineer Works in Wash- 
ington. It is little wonder that in this short period of 
time we have not been able to establish a clear per- 
spective on the over-all problem, especially since the 
thought and experimentation so far expended were 
largely placed on these specialized plants designed with 
an urgent military objective in view. Perhaps it is 
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too much to expect at this early stage to be able to 
state categorically what the cost of building an atomic 
power plant would be, what its operating characteris- 
tics might be, and whether or not it could compete 
favorably with other forms of power. However, 
some intelligent surveys have been made and I shall 
relay the results presently. 

Despite the gaps in our present knowledge one in- 
disputable fact bears remembering. We do actually 
today have an atomic energy industry. It is highly 
specialized, just as the fighter aircraft differs from the 
commercial transport plane. Nevertheless, the nu- 
clear chain reaction has been demonstrated, it can be 
controlled, and volumes and volumes of information 
pertinent to peaceful atomic energy development do 
exist. 

The Nuclear Chain Reaction. It has already been 
inferred that several different types of power plants are 
possible depending upon the use to which they are to 
be put. There are certain basic principles and proc- 
esses common to any of these plants and these center 
around the nuclear chain reaction. It is worth pausing 
here to explain the nature of the nuclear chain reaction, 
the ingredients that go into it, and the energy that can 
be derived from it. 

We now know of three substances that have the 
necessary fission properties to sustain a chain reaction. 
These are the uranium isotope of mass 235, the plu- 
tonium isotope of mass 239, and the recently announced 
uranium isotope of mass 233. We shall call these 
simply uranium?*, plutonium®*, and  uranium?#, 
Of these, only U?** is found in nature while the other 
two are artificially produced. Since the nature of the 
chain reaction is common to all these substances, let 
us focus attention on the primary substance uranium. 

There are only two discoveries which must be re- 
called in visualizing the possibility of a nuclear chain 
reaction. The first is the discovery of the fission proc- 
ess itself. If a neutron collides with a U*® nucleus, 
it actually enters or amalgamates with this nucleus. 
This so disturbs the nucleus that in a very small frac- 
tion of a billionth of a second it explodes with great 
violence into two large fragments with the release of 
much energy. From this splitting comes the term 
nuclear fission to describe the process. The second 
discovery is that in addition to the two principal fission 
fragments several neutrons are liberated in the process. 
Since a neutron colliding with a U?* nucleus is what 
promotes the fission in the first place, one of these 
product neutrons can cause another U?** nucleus to 
undergo fission. Thus we see that the process results 
in a self-sustaining chain of events in which uranium 
atoms are split by neutrons, more neutrons are formed 
during the splitting, and these react with more uranium 
atoms and so on. Now if we multiply these single 
events by a, very large number, such as one followed by 
20 or more zeros, we get some idea of what is going on 
inside one of the large chain-reacting structures, or 
piles as they are called. 

However, the problem is not quite this simple. 
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Neutrons are the life blood of the chain reaction and 
cannot be wasted, otherwise the reaction would stop. 
Unfortunately, all atoms have some ability to capture 
neutrons. When they do so, they do not split in two 
as does U2 but they just grab hold of these neutrons 
and settle down to a relatively calm existence oncé 
more. It is for these reasons that materials of con- 
struction and all other materials that go into a pile 
must be carefully selected on the basis of their nuclear 
properties; in particular, they must have as low affinity 
for capturing neutrons as possible. Some impurities 
must be excluded even to the extent of one part per 
million because of their very high capacity for con- 
suming neutrons. 

I shall not be able to go into the many factors that 
must be introduced into pile design. One item that 
should be mentioned is the presence of what is called 
the moderator. 

In the Hanford piles carbon in the form of graphite 
is used as a moderator. Many of you have prohably 
heard that heavy water is important for atomic energy 
and that during the war commando raids and bombing 
missions were carried out in Norway in order to wreck 
the heavy water plants that were known to exist there. 
The value of this difficultly prepared substance is that 
it is an excellent moderator. A small experimental 
pile near Chicago is built with a heavy water moderator. 
Let us examine what the function of a moderator is. 

It so happens that the neutrons that come from a 
uranium atom which is undergoing fission are of high 
energy. They are called fast neutrons. If all of the 
neutrons in a pile set up to operate with natural uranium 
were fast, there would be no chain reaction. This is 
because a fast or intermediate energy neutron does not 
cause fission with U?* nearly as efficiently as does a 
slow neutron. It will be remembered that ordinary 
uranium is less than one per cent U2; the remainder 
consists of U2 which does not undergo fission as does 
U2, Since U2 does not effectively use the fast neu- 
tron, it prefers to go with the more abundant U2* and 
the chain reaction would cease: However, if the neu- 
trons can be slowed down without at the same time 
disappearing, the balance is once more restored and 
sufficient neutrons go into U?* to allow the chain reac- 
tion to proceed. Certain of the light elements, such 
as heavy hydrogen, beryllium, and carbon, have this 
highly desirable property of slowing down neutrons 
without capturing them. A fast neutron enters one of 
these materials and bounces around like a billiard ball, 
losing some energy at each collision. 

If you can now visualize many lumps or rods of 
uranium interspersed in a lattice arrangement with 
graphite, you have the basic picture of a nuclear chain 
reactor or pile at Hanford. If we look at the life his- 
tory of a neutron it will be something like this: It is 
liberated as a fast neutron within a lump of uranium. 
In general, it will leave the uranium without change 
and enter the graphite. Here it will undergo many 
collisions with carbon atoms, perhaps 100, during 
which its velocity will be:reduced and it will finally 
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find its way back into another uranium lump. Here it 
will either cause another fission or be captured by the 
more abundant U?*, but a sufficient number go into 
fission of U2** to maintain the chain reaction. 

Besides the uranium itself and the moderator a 
reactor must also contain a cooling system for taking 
off the heat that is generated. I shall mention the 
problems of cooling somewhat later when the technology 
of the Hanford-type reactor and power-producing re- 
actors are discussed. 

Another component of a reactor or pile is the control 
system, the mechanism which allows the machine to be 
turned on or off and which keeps it at the desired operat- 
ing level without either dying or running away. The 
principle of reactor control is rather simple. If rods 
made up of material with high capacity for absorbing 
neutrons are inserted into a reactor sufficiently far, 
they are able to drain off a sufficient number of neu- 
trons to stop the chain reaction. If these rods are 
withdrawn, the chain reaction can proceed. By main- 
taining the rods at just the right position, the reactor 
will operate at a selected power level. 

The whole structure so far mentioned is enclosed in a 
massive shield to confine the radiation. This shield is 
designed to stop both neutrons and gamma rays, the 
high energy X-rays given off by many radioactive ma- 
terials. 

Energy Release and Plutonium Production. The 
previous description is then, in essence, that of the nu- 
clear chain reactor. It is a power plant. For every 
pound of U?* that undergoes fission about 10,000,000 
kilowatt hours of energy are released as heat. If one 
pound of uranium or plutonium were to be burned in 
one day, it could supply the needs in power and light 
for a city of about one-half million people. The heat 
is generated within the uranium lumps and, by flowing 
a cooling agent over them, this heat could be brought 
outside of the pile and converted into useful energy. 
In the Hanford piles water is used as a cooling agent 
and the piles are run at low temperatures since power 
output is not the objective. So far.I have discussed 
only the mechanism of obtaining a chain reaction in 
uranium without saying anything of why a successful 
chain reaction was sought. In some piles of the future 
power generation itself will be the goal. That is not 
the objective for which the Hanford piles were con- 
structed. 

The Hanford piles were designed for the production 
of the new isotope, plutonium?®. Experimentation by 
Seaborg, McMillan, Segre, Kennedy, and Wahl using 
the Berkeley cyclotron had resulted in the discovery 
and preparation of plutonium?® and in finding that it 
shared with U?* the property of undergoing fission 
with neutrons. It was therefore a substance that had 
the possibility of use as a nuclear explosive if it could 
be produced in quantity. In producing plutonium?” 
the pile simply acts as a neutron factory. Since more 
than one neutron is given up in each fission of U?* (the 
number is between two and three) and only one is 
needed to promote the chain reaction, many of the 
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excess neutrons can be used for any purpose desired. 
In natural uranium most of these are captured by the 
U?%8, the very reaction that must be curtailed through 
the use of the graphite moderator if the chain reaction 
is to go at all. When U** captures a neutron, it will 
be remembered that it does not undergo fission. In- 
stead, through two successive spontaneous changes it 
ends up as plutonium**, Thus, the chain reaction 
with neutrons and U?* furnishes more neutrons, and 
these through capture by the U?* convert it into 
plutonium?®, 

The job of obtaining plutonium is only about half 
over at this point. The next step is to separate the 
plutonium from the uranium and, what is much more 
difficult, from the fission products. When a certain 
quantity of U?* undergoes fission, it produces roughly 
an equal weight of fission products. These are an as- 
sortment of some 15 different elements and are in- 
tensely radioactive. You are probably familiar with 
the fact that an amount of radium as small as one- 
thousandth of one pound is extremely dangerous to 
handle. One could obtain very serious damage from 
this quantity of radioactivity. For comparison ‘the 
radioactivity of the fission products associated with the 
production of a moderate amount of plutonium can be 
equivalent to hundreds of pounds or even tons of 
radium. Obviously, the chemical processes for sepa- 
rating the plutonium from the uranium and fission 
products must be done entirely by remote control be- 
hind many feet of concrete. The uranium that has 
been discharged from a pile at Hanford is fed into 
huge chemical plants. The operators see nothing 
except an imposing array of gages and controls. The 
materials proceed through the plant through thousands 
of feet of piping connecting many processing vessels. 
The plutonium finally emerges completely separated 
from uranium and the fission products. Those of you 
who are familiar with chemical processes will realize 
the difficulties often encountered in separating any 
element down to the point where only about one part 
per million remains. Yet in this particular problem 
some dozen different elements, each with its own 
chemical properties, must be separated to this extent. 

It might seem at first sight that this is an extremely 
roundabout way of getting a fissionable material, com- 
pared with the direct isotope separation of U** from 
U8, In complexity of operations and number of 
steps this is so. However, separation of isotopes of 
uranium is an extremely difficult matter since isotopes 
of the same element have almost identical chemical 
properties. With the manufacture of plutonium a new 
element is formed and therefore chemical methods of 
separation are possible. Even though the separation 
of plutonium from uranium and the fission products is 
by no means simple, it requires far less effort than does 
the separation of isotopes. 

The separated plutonium during the war was fash- 
ioned into bombs where it could be made to undergo an 
explosive chain reaction. Yet the same sequence of 
steps outlined here is a prototype of an atomic energy 
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industry in which power is produced in making plu- 
tonium; the plutonium is separated and it in turn can 
produce an equal amount of power by allowing it to 
react in a controlled fashion in smaller secondary power 
plants. I shall go into this relation between primary 
and secondary reactors somewhat later in considering 
the structure of a balanced atomic energy industry. 

Technological Problems. The technology in the 
atomic energy industry presents some entirely new 
problems to the engineer. The engineer in the atomic 
energy industries will be called upon to absorb an en- 
tirely new body of knowledge, that of the nuclear 
properties of substances. . 

As in any building job, materials of construction are 
of primary consideration in designing a pile. In a 
normal power plant the structural elements must have 
the necessary strength, must be able to withstand the 
elevated temperatures, and must not be subject to 
excessive chemical corrosion. All ofthese properties 
that must be satisfied may be considered as chemical 
and mechanical properties. In designing a pile the 
consideration of these properties is no longer sufficient. 
As already mentioned, one must consider in addition 
the nuclear properties of every material that goes into 
the pile’s construction. Any material that has a high 
ability to capture neutrons is automatically eliminated 
no matter how ideal might be its other properties. An 
excellent structural material like steel cannot be used 
in quantity in a pile because it would use up too many 
neutrons. 

It is probable that sizable industries will grow for 
the production of materials with low ability to capture 
neutrons and which had no commercial outlet pre- 
viously. Some of these materials will be entirely new 
to industry, others will be old commodities with new 
purity requirements. For example, one may take the 
case of graphite which was selected as the moderating 
medium for the Hanford piles. Graphite had been 
used chiefly as electrodes in the electrochemical in- 
dustries and contained among other minor impurities 
very minute amounts of boron. Now this amount of 
boron is utterly innocuous if the graphite is to be used 
as an electrode, but because of the extremely high neu- 
tron affinity possessed by boron even these minute 
amounts could not be tolerated in the piles. After 
considerable experimentation graphite was produced 
to meet these entirely new specifications. In new 
piles of the future, no matter what shape they may take, 
the same concern for particular purity of all components 
will be evidenced. 

One of. the knottiest problems in pile construction is 
that of cooling. Let us again draw on the Hanford 
piles for illustrations of the problems encountered and 
then project these same ideas into the consideration of 
other piles. 

With the decision to employ water as a coolant for 
the plutonium production plants the question of an 
adequate water,supply became a paramount issue. In 
the pile areas at Hanford a large fraction of the in- 
stallations are concerned solely with the pumping and 
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treatment of the water that is sent through the piles 
and eventually back to the river. The amount of 
water pumped would take care of the needs of a large 
city. In view of the necessity of providing emergency 
stand-by equipment and elaborate safety controls, the 
entire water system is extremely complex. 

In considering water as a coolant, it was necessary 
to examine its neutron absorption just as any other 
material that goes into the pile. In addition, since 
warm water would react with uranium metal, the ura- 
nium lump had to be covered; again the neutron 
absorption properties of the possible covering materials 
severely limited the choice. The corrosion properties 
of the covering jackets had to be thoroughly studied 
since the failure of even a single jacket could have been 
diastrous. 

Film formation on the slugs from minute impurities 
in the water was another serious problem that was over- 
come. A staggering amount of research and develop- 
ment went into the solution of these problems, and 
large water-treating plants were installed accordingly. 

A problem that is entirely unique to the atomic 
energy field is that of the radioactivity induced in any 
material exposed to neutrons. The huge volumes of 
water precluded the possibility of lengthy storage, so 
that it was important that the exit water be sufficiently 
low in activity to permit its disposal into the river. 
Fortunately, pure water itself presents no insuperable 
problem because neutron reactions with hydrogen and 
oxygen produce either stable isotopes or unstable ones 
of very short half-life. However, small quantities of 
impurities in water could present a serious problem. 
Amounts as low as a few parts per million of certain 
elements could be activated during their brief passage 
through a pile to an extent where the water would be 
dangerous to animal life. Tests were made on all 
water-treating processes to see that, dangerous ele- 
ments were removed and that others were not intro- 
duced. 

What has been said about water as a cooling medium 
applies to any other coolant in future piles. If a pile 
is to operate efficiently as a power plant, the tempera- 
ture of operation must be raised far beyond that used 
in the Hanford-type piles. Obviously, a different 
coolant than water must be adopted. Such cooling 
agents as permanent gases or even molten metals come 
to mind. One will again be faced with the determina- 
tion of the nuclear properties of the possible coolants. 
In addition an entirely new uranium jacketing proce- 
dure must be worked out, taking into consideration the 
elevated operating temperatures and the chemical 
action of the cooling agent. 

I have said little in this discussion about future 
problems in the chemical separations plants. In the 
plutonium production plants the uranium will have to 
be reprocessed at intervals in order to extract the plu- 
tonium. Even in pure power plants operating, for 
example, on plutonium it may be necessary from time 
to time to shut down and to clean out the “clinkers”’ 
by reprocessing the plutonium. For each different 
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type of pile or mode of operation a modification of the 
chemical extraction process would be required. 

Atomic Energy Industry of the Future. We have re- 
viewed the problems of the atomic energy industry. 
It is fitting that the discussion close with a forecast of 
the future prospects. An excellent report has recently 
been drawn up by the Research Committee of the 
Northern California Association of Scientists, and I 
shall draw upon this for much of the following data. 

In the first place what are the possible foreseeable 
industrial applications of atomic energy other than 
power? There is the manufacture of special ma- 
terials—the radioactive tracers which can be made in 
hitherto unknown quantities and which give such 
promise in furthering all branches of scientific research. 
In attempting to assess the commercial value of these 
radioactive substances which can be made in a pile, 
one is forced to the conclusion that at the present time 
their manufacture would not in itself pay for the con- 
struction of a pile and processing plant. That is not 
to say that industries may not use these substances in 
actual manufacturing process control as weil as for 
research but only that at the present time one could 
probably not construct an atomic energy plant and 
write off te cost to this alone. It is my opinion, how- 
ever, that these tracers will be produced in quantity as 
valuable by-products of the power plants and that as 
far as their true value to humanity is concerned the 
discoveries made through their use may far outweigh 
the goud to be done by any new source of power. 
For example the radioactive form of carbon, C", can 
be produced in quantity in a pile. As many of you 
know, carbon is the element most characteristic of 
living matter. With carbon that virtually has a tag 
on it, the chemist, biochemist, and medical research 
men have one of the most important tools ever devised 
for studying the life processes, with all the implica- 
tions that may have with respect to control of disease 
and food supply. 

The Power Industry. The manufacture of power by 
atomic energy does show promise of expanding the 
world’s sources of energy. One should consider the 
possibility of atomic power’s supplanting present 
means of power production or supplementing them in 
allowing power to be produced in hitherto inaccessible 
regions or for new purposes. In contrast to the use of 
coal, once an atomic power plant has been constructed 
the amount of fuel which must be brought in for re- 
plenishment presents no transportation problem at all. 

In the atomic power industry there will probably be 
two broad types of plants with respect to function. 
These are the primary plants and secondary plants. 
The primary plants are best visualized as very large 
power units, up to one million kilowatts output, and 
which operate on uranium. These large plants would 
not only turn out power but would also produce Pu?” 
or U%83, These plants would include chemical plants 
for separating the Pu?® or U***, In the secondary 
power plants the separated Pu?” or U*** from the pri- 
mary plants would be consumed for power production. 
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It so happens that for every kilowatt-hour of power 
produced in primary plants about one could be realized 
from the Pu?® is the secondary plants. One of the 
reasons for the distinction between primary and sec- 
ondary plants is that the division fits into a possible 
plan for atomic energy control. The primary plants 
are termed unsafe because it is in these that large 
amounts of plutonium suitable for bomb production 
can be made. However, by suitable contro? of these 
primary plants, plutonium could be produced and dis- 
pensed in a denatured form, in which form it is rather 
unsuitable for bombs but can be used in power plants. 
The secondary plants might be of smaller size than the 
primary units, and because they do not constitute 
a military threat, their operation could be relatively 
free of restrictions. Both secondary and primary 
piles would probably operate at high temperatures; 
the coolant would heat some gas which in turn would 
operate a gas turbine generating electricity. The 
electricity could then be transmitted as it is from any 
power plant. 

Estimates have been made of the cost of producing 
atomic power. They range from costs that will only 
compete with coal in those areas where it is expensive, 
say ten dollars per ton, to estimates that would have 
atomic power compete favorably with the cheapest 
present-day power. 

Both primary and secondary plants are power pro- 
ducers. Let us suppose that the primary plant is a 
one million-kw. plant which produces plutonium. 
This plant would be set up near some very large in- 
dustrial area where the power would be sold at or be- 
low the prevailing cost in that vicinity. Then in the 
adjoining chemical plants the plutonium could be 
separated and sold to the smaller secondary plants. 
The secondary plant might be a 10,000-kw. unit, which 
is the power plant for a copper mine in Nevada or near 
the Arctic Circle or it might be the engine for a large 
ship. The question arises as to what price plutonium 
would have to be sold in order to allow the primary 
plant to break even. If the primary plant is a large 
plant, it has been calculated that it could sell power at 
four cents per kilowatt-hour, which would compete 
favorably with cheap coal and still sell plutonium at a 
price that is not out of line with medium-price coal. 
When it is considered that there are many otherwise 
productive areas of the world where coal power may be 
considered very high priced, it is difficult to see how 
atomic energy can fail to be an important source of 
power. 

A word of explanation is in order for the statement 
that the economic production of power depends upon 
large power units. The relative economy in operating a 
large plant lies in the fact that the cost of the fixed 
installations may not increase much in going from a 
smaller to a larger plant. Also the inventory of fission- 
able material, such as plutonium, tied up in a pile is 
largely independent of power output and therefore is 
more economically used in'a high-power pile. When a 


number of considerations of this sort are included in 
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the calculations, one can arrive at the low-cost figures 
mentioned above. Perhaps the estimates are too op- 
timistic but at least they do show that the cost of 
atomic power is not out of line with the cost of coal- 
produced power. 

Finally, a few words about the probability of mobile 
power units. Since an atomic power plant must be 
equipped with a thick radiation shield, a light unit is 
not possible. Thus an automobile powered by atomic 
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energy as we know it now is definitely not a possibility. 
However, ocean-going vessels could easily contain an 
atomic power engine. Perhaps in the more distant 
future aircraft with virtually unlimited range will be 
powered by atomic energy engines since gasoline- 
powered planes are even now being considered that 
would be so large and carry such huge fuel loads that 
the weight of an atomic power plant is being ap- 
proached. 


Il. WHY DO WE BELIEVE IN ELECTRONS? 


Srupents have heard so much about electrons in 
popular literature that they believe in them with pas- 
sionate and unshakeable faith. It is the business of the 
science teacher to explain the experimental basis for 
our belief in electrons. But what experiment, or group 
of experiments, is most suitable? An earlier paper 
[THis JOURNAL, 23, 356 (1946)] showed that J. J. 
Thomson’s experiment with cathode rays, in which e/m 
was measured, is not suitable for this purpose, for the 
phenomena it presents are just as easily accounted for 
without the electron as with it. In this paper Mil- 
likan’s oil-drop experiment is considered. 

Millikan’s oil-drop experiment is a beautiful demon- 
stration that unit charges of electricity exist, all equal 
to one another within experimental error, and of the 
magnitude 4.77 X 10-"e.s.u. It is thus remarkably 
convincing evidence of the existence of minute particles 
—of something—but examination will show that we 
cannot, from this experiment alone, conclude whether 
the particles are particles of electricity or particles of 
matter. For we have no way of telling whether that 
which is picked up by an oil drop is an electron or an ion, 
and we already have evidence that electricity, when 
intimately associated with matter to form ions, occurs 
in discrete unit charges. 

The laws of chemical combination, and several other 
lines of evidence, give us excellent ground for believing 
in atoms of matter. If we accept the atomic hypothe- 
sis, then Faraday’s laws of electrolysis lead us to the 
conclusion that, in electrolytic conduction, electricity 
becomes associated with matter in a discontinuous 
fashion, each atom or group of atoms taking up 1, 2, or 
3 or more equal units of positive or negative electricity. 
Millikan’s oil-drop experiment supports this conclusion, 
and adds to it in three ways: (1) it gives a beautifully 
perspicuous demonstration of the existence of the min- 
ute particles which theory demands; (2) it shows that 
ions in gases carry unit charges just as ions in electrolytic 
solutions do; and (3) it shows that the electric charges, 
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unlike the masses of the atoms themselves, are all equal 
within experimental error. In other words, there are 
no “isotopes” of electricity. But it does not give evi- 
dence of the existence of particles of electiicity apart 
from charged atoms. 

In metallic conduction, in a “space charge,’ or in 
cathode rays, is electricity to be regarded as continuous 
or particulate? The oil-drop experiment, the atomic 
theory, and Faraday’s laws are entirely compatible 
with the suggestion that electricity in these three forms 
is continuous and that the ‘“‘atomicity of electricity” 
observed in electrolysis and in gaseous ions is a property 
not of electricity but of matter. The suggested theory 
is this—electricity is essentially continuous, but it is a 
property of atoms of matter to become associated with 
electricity only in discrete amounts. Those who like 
mechanical analogies in the 19th-century manner can 
imagine atoms provided with little cups, all of the same 
size, which would either be empty or completely full of 
electricity. At the pole of an electrolytic cell, the ions 
would discharge their cupfuls, and the electricity would 
run together, forming a continuous fluid, and proceed as 
such along the metallic conductor. We would then be 
quite unjustified in concluding the independent existence 
of the electron from the oil-drop experiment, for we 
might be making an error similar to that of an imagi- 
nary being, whose experience of water was limited to 
watching a firemen’s bucket chain, and who should con- 
clude ‘‘water has a grossly particulate structure; it 
never occurs in less than a bucketful.” 

Millikan’s oil-drop experiment, then, is not entirely 
satisfactory as evidence for the independent existence 
of the electron, for it is too easily explained without the 
assumption that electricity, as well as matter, has an 
inherent particulate structure. If students are to be 
given training in the careful weighing of evidence and 
not merely indoctrinated with an unshakable faith in 
current theories, the problem of the experimental evi- 
dence for electrons requires very careful consideration. 
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T werMocHEMIcaL studies of a wide variety of types 
(4) are readily adapted for simplified undergraduate ex- 
perimentation. They may include determination of 
the heat changes in strictly chemical processes, such as 
the decomposition of hydrogen peroxide and numerous 
other chemical reactions, and also the physical aspects 
of thermochemistry, such as heats of solution and dilu- 
tion. Neutralization reactions, however, are most 
frequently employed to exemplify the methods and 
calculations of thermochemistry. The speed of such 
reactions, the drill in preparing solutions of acids and 
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bases of definite concentration, and the importance of 

art & the results in connection with the classroom work on the 
: theory of solutions have made these reactions almost the 
in § exclusive choice of nearly every laboratory text. 
us It is, perhaps, unfortunate that acid-base studies are 
uc # usually restricted to strong electrolytes. Use of weak 
le § acids and bases and of polybasic acids not only requires 
ns § fuller understanding in the selection of indicators for the 
y”’ ff preparation of the solutions but also demands more 
ty § thought in the interpretation of the thermochemical 
ry § results. From his work with strong acids and bases, 
& § the student concludes that these substances are com- 
th §f pletely ionized and, in simplest form, writes the funda- 
<e ff mental reaction: 
a H*t + OH-—H,0; AH = —13.8 kg.-cal. (at 20°C.) 

of § Because of the constancy of the value of AH per mol of 





water formed, irrespective of the strong acid or base 
used, he is unprepared to find such values of the heat 
content change as —16.1 kg.-cal. for the reaction be- 
tween hydrogen fluoride and potassium hydroxide, 
—12.3 kg.-cal. for that between hydrogen chloride and 
ammonium hydroxide, and —11.9 kg.-cal. for that be- 
tween formic acid and ammonium hydroxide. 

The additional factors which are involved with weak 
acids and bases may,be emphasized by experimentation 
and by consideration of the effects of the additional 
processes which take place in such cases. If,-in addi- 
tion to the formation of water from its ions, the only 
reaction is the breakdown of the weak electrolyte, the 
value of the over-all heat change will deviate from 
—13.8 kg.-cal. by an amount corresponding to the 
simple heat of ionization. Thus, the steps for the 
reaction of a weak acid with a strong base might be 
written : : 

HA+>H++A-; Am 
H+ + OH- — H.0; AH2 
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Since AH; involves the severance of a bond in the weak 
acid, its sign would be expected to be opposite to that 


of AH». In this event, the sum of AH; and AH, that 
is, the heat content change of the complete reaction 


HA + OH- — HO + A- 


would be smaller in magnitude, as is found in most 
cases, than — 13.8 kg.-cal. 

Such a picture, however, fails to explain the occur- 
rence of values greater than — 13.8 kg.-cal. and gives 
an erroneously simple interpretation of the heat of 
ionization. It must be emphasized that the solvent 
plays an important part in all acid-base reactions and an 
additional step may be introduced. Thus, for a weak 
acid and strong base, the steps are given more accurately 
as 

HA— Ht + A- 
H+ + A~ + (« + y)H.0 ~ H*-xH.0 + A- -yH,O 
H+t-zH.O + OH- — (x + 1)H.O 


and the total reaction is 
HA + OH- + (x + y)H.0 — (x + 1)H.0 + A- -yH,O 


The first two steps, normally written as a single one, 
taken together show the effect of the solvent. It is 
the sum of the heat content changes for these two steps 
that is commonly considered the heat of ionization in 
solution. This quantity includes, in addition to*the 
heat absorbed to break the bond in the acid, all of the 
effects on the heat of ionization due to the medium in 
which the acid is dissociated. A convenient way to 
show this is to write the process in two steps, as above, 
stressing thus one of the major effects, that of solvation 
of the ions. It is best, however, not to imply that this 
solvation involves a definite number of molecules of 
water nor that it is the only effect due to the solvent. 

Since the solvation of the ions is an exothermic proc- 
ess, the heat content change of the complete reaction is 
the algebraic sum of three quantities, two of which rep- 
resent heat evolved. The apparent heat content change 
of the major reaction, the formation of water, may be 
increased or decreased depending upon the dominance 
of the effect of solvation or of dissociation. Indeed, 
the role of the solvent explains why some neutraliza- 
tion reactions, such as that of sulfuric acid with a strong 
base, are more exothermic than the strong acid-base 
reactions in which all of the reactant ions are already 
fully solvated, the strong electrolytes being completely 
ionized when dissolved. The solvent effect is particu- 
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larly well shown with polybasic acids. In allowing the 
reaction to take place in steps, successive ionization 
liberates further ions to become solvated with resultant 
thermal effects. 

Finally, the fundamental concepts are still more 
clarified when studies of reactions of strong, weak, and 
polybasic acids with strong bases are combined with the 
parallel use of a weak base, such as ammonium hydrox- 
ide, and with experiments on the heat of solution of 
salts. For example, the heat of reaction of hydrochlo- 
ric acid with ammonium hydroxide and the heat of 
solution of ammonium chloride are related. The fact 
that the solution of ammonium chloride in water is an 
endothermic reaction indicates that the solvation of the 
ammonium ion is negligible and thus the heat of re- 
action of hydrochloric acid with ammonium hydroxide, 
being virtually due to only two opposing factors, is 
understandably low. Although the hydroxy] ion is not 
commonly so written, it probably is solvated and this 
should be taken into account in certain cases. In the 
neutralization of ammonium hydroxide, however, the 
heat of solvation of the hydroxy] ion is canceled out in 
the over-all process, just as that of the hydrogen ion is 
in a weak acid-strong base reaction. 

Experimental studies of the heat of reaction of the 
following acids with, first, a strong base (sodium hy- 
droxide) and, then, a weak base (ammonium hydroxide) 
have been found convenient and present a varied set of 
effects: a strong acid (sulfamic), a weak acid (acetic), 
a stronger weak acid (monochloroacetic), and two di- 
basic acids (oxalic and tartaric). In each case the heat 
effect is conveniently large at concentrations desirable 
for work. All of the reactants are readily available and 
reasonably soluble, and preparation and standardization 
of the solutions are facilitated by the fact that four of 
the acids are stable solids. In laboratories in which 
acetic acid of known concentration is available for other 
experiments, conductance for example (3), this might 
be used as a basis upon which to standardize sodium 
hydroxide and this in turn to prepare standard hydro- 
chloric acid. Using these two, solutions of any acids 
and bases, strong or weak, can be prepared of desired 
concentration. It is instructive, however, to use sul- 
famic acid both as a representative strong acid in ther- 
mal study and as a primary basis for standardization 
(1, 2). 

In obtaining the. data given below, the method of 
procedure and calculation was the same as that de- 
scribed in an earlier paper (4).!_ For the studies with 
monobasic acids, 0.5 N solutions of acid and base were 
used in all cases. For the dibasic acids, stepwise re- 
action was achieved by treating 0.5 N base with an 
equal volume (200 ce., as throughout) of 1.0 N oxalic 
acid to cause half neutralization and 0.5 N acid for com- 





1The numerical data given in the earlier paper, except in 
Figure 4, are in large calories and should have been designated 
as kg.-cal.; the equations for calculation, however, are in terms 
of small calories. For consistency with Figure 4, the signs for 
the heats of solution of sodium acetate should have been reversed, 
that for the anhydrous being —3.86 kg.-cal. and for the tri- 
hydrate 4.85 kg.-cal. 
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plete reaction; 0.5 N tartaric acid was treated with 
equal volumes of 0.25 and 0.5 N base. 

Sulfamic Acid: This substance, NH2SO;H, was 
chosen because it is a strong acid of unusual qualities, 
being a stable, nonhygroscopic solid. Because no values 
of the specific heat and density are given in the literature 
for 0.5 N sulfamic acid, 0.25 N sodium sulfamate, nor 
0.25 N ammonium sulfamate, each measurement per- 
mitted calculation of only one value of the heat of neu- 
tralization on the assumption that the product of the 
density and specific heat of each solution is equal to 
unity. In two experiments, the values of AH obtained 
for the sodium hydroxide reaction were —13.07 and 
— 13.01 kg.-cal. in the temperature range from 27 to 
30°C. No values are reported in the literature for 
comparison, but it is seen that the typical strong acid 
behavior is shown. With ammonium hydroxide two 
values for AH in the range from 26 to 29°C. were 
obtained, —11.44 and —11.43 kg.-cal., the difference 
from the strong-base value being comparable with that 
shown by other strong acids upon reaction with ammo- 
nium hydroxide. 

Acetic Acid: With acetic acid and sodium hydroxide 
the average value of AH at 26°C. was —12.65 kg.-cal. 
and at 29.1°C. was —12.67 kg.-cal., which compare 
favorably with the literature values and attest the re- 
liability of the apparatus and the method. The re- 
action with ammonium hydroxide, giving — 10.94 kg.- 
cal. at 26.2°C. and — 11.48 kg.-cal. at 29.0°C., indicates 
a high temperature effect due to change in the heat of 
ionization and primarily to the low specific heat of the 
salt solutions involved. 

Monochloroacetic Acid: With monochloroacetic acid 
and sodium hydroxide an average AH value of — 13.73 
kg.-cal. was found at 24.6°C., which is about 4 per 
cent lower than the value given in the literature for 18° 
C. The relatively high value of the heat content change 
can be attributed to the dual effect of solvation and 
fairly high ionization. Using the same acid with am- 
monium hydroxide, the energy of dissociation of the 
weak base came into play and led to a value of —12.2 
kg.-cal. at 24.3°C. 

Oxalic Acid: When the concentration of acid was 
such that only the first hydrogen was removed by the 
addition of sodium hydroxide, the heat content change 
was found to be —13.87 kg.-cal. (28.7°C.), and when 
both were removed, — 14.03 kg.-cal. (25.2°C.). Using 
ammonium hydroxide, the heat of dissocation of the 
base was such as to render the corresponding values of 
AH, —12.01 kg.-cal. (27.8°C.) and —12.90 (25.1°C.). 
These values appear to agree with literature values. 

Tartaric Acid: In the work with tartaric acid the 
concentration of the base rather than that of the acid 
was altered to achieve partial and complete neutraliza- 
tion. Parenthetically, it might be noted that in ther- 
mochemistry the term “neutralization” is not used with 
the same regard for hydrol¥sis as in titration and does 
not imply that the solutions are neutral at the end 


point. Sufficient data were available in the case of the 
(Continued on page 128) 





































































iTION 


| with 


, Was 
lities, 
values 
‘ature 
>, nor 
; per- 
neu- 
f the 
al to 
ained 
and 
27 to 
e for 
acid 
two 
were 
ence 
that 
1mo- 















yxide 
-cal, 
pare 
2 re- 
. Te- 
kg.- 
ates 
it of 
the 










acid 
3.73 
per 
18° 
nge 
and 
um- 
the 
2.2 
















was 
the 
nge 
len 
ing 
the 


of 













che 
cid 



















THE CRITICAL TEMPERATURE 


Most of our recent textbooks on general and physical 





FRANK BRESCIA 
College of the City of New York, New York City 


chemistry refer to the temperature at which the menis- 
cus between liquid and vapor phases disappears as the 


critical temperature. 


It is the purpose of this paper to 


show that this classical and simple concept is most likely 


erroneous and to propose a more accurate presentation. 








Tue critical phenomenon was first described by 
de La Tour in 1822 when he observed that upon heating 
a liquid in a stationary sealed tube, at a certain tem- 
perature the meniscus between the liquid and vapor 
phases disappears without ebullition, yielding what ap- 
pears by ordinary light to be one homogeneous phase. 
Upon cooling the tube, the meniscus, of course, again 
appears but the temperature of reappearance does not 
coincide exactly with the temperature of disappearance. 

This disappearance of the meniscus was used by 
Thomas Andrews (1869-76) as the criterion for the 
critical temperature. He determined it to be 30.92°C. 
for carbon dioxide. He concluded (upon the disappear- 
ance of the meniscus) that ‘‘no separation of the car- 
bonic acid into two distinct conditions of matter occurs, 
so far as any indication of such a separation is afforded 
by the action of light” (1). From his studies on the 
gaseous and liquid states of carbon dioxide under vari- 
ous conditions of temperature and pressure, he con- 
cluded that above this critical temperature, a gas phase 
exists which cannot be liquefied by pressure; but below 
this critical temperature, the vapor is condensable by 
pressure. Using the average temperature of disappear- 
ance and reappearance of the meniscus, he also deter- 
mined the critical temperature of nitrogen and carbon 
dioxide mixtures (1887). 

Thus in terms of Andrews’ classical experiments, the 
critical temperature may be defined as the temperature 
at which the meniscus disappears (it being understood 
that experimentally it is the average of the temperatures 
at which the meniscus disappears and reappears), or as 
the minimum temperature above which a gas cannot, 
as evidenced by an appearance of a meniscus, be lique- 
fied. 

For a description of an actual determination of the 
temperatures at which the meniscus disappears and 
reappears in a stationary sealed glass tube, reference 
(2) should be consulted. 

Van der Waals proposed in 1879 his now famous 
equation of state from which it follows that there is but 
one temperature at which the pressure and the‘volume 
of the gas equal those of the liquid. Besides its success 
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in explaining the deviation of gas behavior from the 
ideal gas law, the isothermal lines plotted from this 
equation reproduce remarkably well the experimentally 
determined isotherms. Successful and widely ac- 
cepted, the van der Waals equation has been the start- 
ing point for most subsequent papers dealing with equa- 
tions of state (3). It was therefore concluded, on the 
basis of this theory, that at the critical point no dis- 
continuity exists, both liquid and gas phases becoming 
identical in all properties. In terms of this theory, the 
critical temperature, the temperature at which the 
meniscus disappears, may be defined or rather inter- 
preted as the temperature at which the density of the 
liquid equals the density of the vapor, or as the tem- 
perature at which the properties of the liquid and gas 
become identical. The critical temperature may there- 
fore be determined from a series of pressure-volume 
measurements made at a series of fixed temperatures 
extending above the critical point. The minimum tem- 
perature for which the P-V curve possesses a horizonta 
tangent (an inflection point for which the change in 
pressure with volume is zero) is taken as the critical 
temperature. Apparatus for such measurements with 
high precision is described and used by Beattie (4) 
and Michaels (6). 

Evidence which conflicted with the van der Waals 
continuity theory was obtained, however, over the turn 
of the century by several investigators, and Clark and 
Traube have more recently written of their experiences 
(6). Traube (7) found, for example, a difference in 
density between the lower and upper portions of a tube 
containing the carbon tetrachloride system above the 
temperature at which the meniscus disappeared. 
Small calibrated glass floats within the experimental 
tube were used, instead of reading the position of the 
meniscus, for density measurements. Eversheim (8) 
measured the dielectric constant of liquid and vapor 
hydrogen sulfide as.a function of temperature and found 
that the difference persisted beyond the temperature at 
which the meniscus disappeared. Such evidence which 
indicated a persistence of the liquid state above the tem- 
perature at which the meniscus disappeared was dis- 
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counted when it was shown that small amounts of im- 
purities exerted a large influence on the critical phe- 
nomena. Particularly influential in this respect was the 
work of Young (9) who made density measurements of 
the liquid and saturated vapor phases of normal pentane 
to a temperature (197.1°C.) just below the temperature 
at which the meniscus disappeared (197.2°C.) by ob- 
serving the position of the meniscus. It was very 
evident that the short extrapolation over a smooth 
parabola of the two curves (density of liquid and satu- 
rated vapor against temperature) would yield identical 
densities for both phases at the critical temperature. 
From such experiments it was concluded that the tem- 
perature at which the meniscus disappears is really the 
temperature at which the densities of liquid and satu- 
rated vapor become equal. The van der Waals theory 
of the liquid state has since crystallized solidly into our 
textbooks. 

While investigating the kinetics of the addition re- 
action between hydrogen chloride and propylene over a 
wide temperature range, about —80°C. to over 100°C., 
Sutherland and Maass (10) found that in the neighbor- 
hood of the critical temperature of the mixture under 
investigation, about 70°C., the temperature coefficient 
became negative and the velocity of the reaction be- 
came zero upon increasing the temperature above the 
critical point. This led to an assumption involving a 
discontinuity in state at the critical temperature and to 
a series of careful investigations of the critical phenom- 





0.1200 











Density difference 
S 
= 
S 








_ 


141 137 133 
Temperature 


Figure 1. The Relation Between the Difference in Density Above and 
ow the Position of Meniscus Disappearance and the Temperature. 
Taken from diss E. W. R. Steacie, and O. Maass, Can. J. Re- 


search, 9, 

















0.0000 





129 125 


JOURNAL OF CHEMICAL EDUCATION 





TABLE 1 
Distfibution of Densities in a Sealed Tube at Various Tem- 
peratures 


Density, float at Density, float at 
22 cm. from 2 cm. from 
bottom of tube _ bottom of tube 


0.2200 0.3360 

0.2390 0.3010 
Meniscus invisible to the eye at 18 cm. 

0.2450 0.2940 


0.2800 
0.2730 
0.2720 





sia eatin 


Difference _ 


0.1160 
0.0620 


0.0490 
0.0220 
0.0080 
0.0040 





125.5 
126.7 
126.9 
127.1 
128.9 
132.3 
135.1 


0.2580 
0.2650 
0.2680 





ena extending over a period of years by Maass and his 
coworkers. 

The measurement of surface tension as a function of 
temperature was the first investigation undertaken. 
The capillary rise method was applied to methyl ether 
and to propylene. The measurements extended to 
within 1.5°C. of the temperature at which the meniscus 
disappears. The results (11) do not extrapolate to 
zero at the latter temperature. 

A direct method of measuring the density of a liquid 
and of the vapor phase in equilibrium with it, at tem- 
peratures extending from below to above the tempera- 
tures at which the meniscus disappears, was then under- 
taken (12). A glass float of known weight (W, g.) and 
volume (V, cm.*) was suspended from a quartz spiral in 
a sealed tube containing the liquid under investigation. 
The sensitivity (S) of the spiral balance was calibrated 
in g./em. by determining the variation in length with 
suspended known weights. Its normal length (Z, cm.) 
was, of course, also measured. At known fixed tem- 
peratures, the float was placed at different positions in 
the tube and the length of the spiral (Z;, cm.) measured. 
Using Archimedes’ principle, W —(L—T,) X S equals the 
weight of the medium in grams displaced by the float. 
The weight of the medium so determined divided by 
the volume of the float yields the density of the medium. 
Typical results for methyl ether, given in Table 1 and 
plotted in Figure 1, show a persistence of a definite 
difference in the density of the medium above and below 
the position at which the meniscus disappears, although 
the medium appears as a homogeneous phase to the eye. 
Stirring the tube contents at constant temperature for 
short or long periods of time has no effect on the meas- 
ured density differences. ‘Temperature gradients across 
the length of the tube of the order of 0.1-0.2°C. are re- 
quired to remove or increase the density difference. 
If the bottom is maintained at the higher temperature, 
density difference may be reduced to zero and even re- 
versed. Warming the upper portion increases the 
density difference. Maximum temperature difference, 
observed while the recorded data were obtained, is 
0.02°C. Precision of the density measurements is 
0.3 per cent. These results with methyl ether were 
duplicated. 

Similar measurements made with propylene yielded 
identical behavior (13). Illustrative results for propyl- 
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TABLE 2 
Density of Propylene as S eg of Float Position at 





Meniscus disappeared at the 28.50 cm. position at 91.9°C. 


Position of float, 
cm. 19.875 |20.350 |26.020 |27.850 ||31.870 |35.060 
0.2142] 0.2145] 0.2145] 0.2150)|| 0.2056] 0.2056 


<-Lower or “‘liquid’”’ phase—> <-Gas phase 


Density, g./em.? 





ene at 93.40°C., above the temperature at which the 
meniscus disappears, are given in Table 2. Good agree- 
ment was found between the propylene density meas- 
urements obtained with the float method and those di- 
latometrically determined (14). Above 87.5°C., how- 
ever, the dilatometric method is uncertain because of 
the difficulty in reading the position of the meniscus 
which becomes diffuse. 

Further evidence that a “liquid” phase of methyl 
ether and propylene may persist above the critical tem- 
perature was obtained from a determination of the di- 
electric constants of the liquid and saturated vapor of 
these compounds (15). The dielectric constants (Table 
3) do not become equal at or several degrees beyond the 
temperature of meniscus disappearance. 





TABLE 3 
Dielectric Constant of Liquid and Gas Phase 


Temp., °C. Liquid Gas 
Methyl] Ether 








127.4 
127.6 
128.2 
130.1 
130.4 
134.1 
135.6 


1.827 
ia 903 ee 
1.899 


1.878 
1.860 
Propylene 


1.331 
1.318 
1.314 


1.858 
1.856 
1.279 


1.292 
1.310 





X-ray data obtained in the critical range of isopen- 
tane and ethyl ether substantiate this type of evidence 
obtained by Maass and his coworkers. Characteristic 
liquid scattering curves, plotted from the measurement 
of the ionization current produced by the scattered 
X-rays as a function of angle, are found to persist above 
the critical temperature (16). With ‘ethyl ether, the 
scattering curve obtained at 210°C. has the typical 
shape of a gas diffraction curve. The diffraction pat- 
tern for isopentane changes from one typically liquid to 
one typically gaseous with patterns in between having 
similarities to both liquid and gas curves. 

Further, a theoretical basis for a critical region in- 
stead of a critical point is furnished by Porter (17), who 
showed that a surface tension may become zero before 
the densities of a liquid and its saturated vapor are the 
same, and by Mayer, who has calculated on a statistical- 
mechanical basis (18) the general form of the pressure- 
volume curve for a number of temperatures in the region 
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of the critical temperature. The type of P-V diagram 
obtained for a pure liquid-saturated vapor system is 
given in Figure 2. Two critical or characteristic tem- 
peratures, T,, and 7, may thus exist. T,, is inter- 
preted to correspond to the temperature at which the 
meniscus disappears and the surface tension becomes 
zero. This temperature is lower than the true critical 
temperature, 7’, the temperature at which the P-V 
curve has an inflection point for only one volume. At 
and above 7’, no differences exist between gas and 
liquid. Below T,, a definite meniscus exists, and the 
condensed phase has a surface tension. Between T,, 
and 7’, the P-V curve is horizontal over a finite volume, 
and no surface tension exists. 

The magnitude of the temperature interval between 
T,, and T, has not been theoretically calculated. Ac- 
cording to the van der Waals equation, this interval is 
zero. The more recent, careful determination of the 
isotherms of carbon dioxide in the neighborhood of the 
critical phenomena by Michaels and his coworkers (4) 
does not show the existence of a critical region, so that if 
for carbon dioxide a difference does exist between T’,, 
and T',, it is too small to be experimentally detected. 
It is of interest to note that the critical temperature of 
carbon dioxide, 31.04°C., as determined by Michaels, 
agrees, within the probable error of both types of deter- 
minations, with the value 30.96°C., determined (19) by 
the criteria of the meniscus disappearance. Again, al- 
though the critical temperature of pentane was care- 
fully determined (20) from P-V curves to only three 
significant figures, 197.°C., it should be noted that this 
value agrees with Young’s value of 197.2°C., at which 
temperature the meniscus disappears and presumably 
the densities of both phases become identical. 
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Figure 2. Calculated Isotherms in the Critical Region for a One- 
Shaded Area Is the Region in Which the Iso- 
page o lanes Are Horizontal. Dotted Lines in This Region Refer 
to Supersaturated Vapor. Taken, with Modification, from S. F. 
Harrison and J. E. Mayer, J. Chem. Phys., 6, 101 (1938). 
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On the other hand, a definite temperature interval 
has been measured for the ethylene system by Maass 
and his coworkers, who also successfully reproduced 
the theoretical P-V diagram shown in Figure 2. 

An apparatus, represented diagrammatically in 
Figure 3, was constructed (21) in which any one of the 
three variables—P, V, or T—may be kept constant 
while the other two are varied. The pressure of the 
system under investigation in bomb B, of calibrated 
capacity, is balanced by the pressure in bomb Bi, main- 
tained and controlled by a known vapor pressure of 
liquid carbon dioxide thermostated at a known tem- 
perature. Density measurements of condensed and 
noncondensed phases are made by the float balance 
method. Toobtain P-V at constant temperature, bomb 
B is maintained at a fixed temperature while the tem- 
perature of bomb B, is varied, thereby changing P and 
V in bomb B. To obtain V-T at constant pressure, 
bomb B, is kept at constant temperature while the tem- 
perature of bomb B is varied. To obtain P-T at con- 
stant volume, the temperature of both bombs is varied 
in such a manner that the mercury level in bomb B is 
constant. Results obtained (22) confirm the existence 
of a region, above the temperature at which the menis- 
cus disappears, in which the change in pressure with 
volume at constant temperature is zero. This is illus- 
trated by the data given in Table 4 for an isotherm. A 
similar type of isotherm obtained at 9.60°C. was shown 
to be approachable and reproducible from either the 
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Figure 3. Diagram of Bomb Assembly. Bomb B Contains the System 
Under Investigation. Bomb 8; Contains Liquid-Vapor Carbon 
Dioxide. M is a Magnetic Stirrer, F the Float, D the Quartz Spiral, 
and N the Holder. ‘aken from O. Maass and A. L. Geddes, 
Roy. Soc. London, A236, 307 (1937). 
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TABLE 4 


System Ethylene. Constancy of Pressure with Varying 
Volume at 9.80°C. 





Meniscus disappears at 9.50°C. Temperature control 








+0.001° C. Absolute temperature determined to +0.01°C. 
Specific volume Pressure, atmospheres 
4.514 50.36 + 0.01 
4.591 50.35 
4.775 50.36 
4.830 50.35 





low- or high-pressure side. TJ’, was determined to be 
9.50°C.; and T., the temperature for which the change 
in pressure with volume was zero for one volume only, 
was determined to be 9.90°C. The temperature inter- 
val appears to be of the order of magnitude of ten de- 
grees for methyl ether and of five degrees for propylene 
from the data given in Tables 1 and 3. This conclusion 
for propylene is, however, in conflict with the data 
given in Table 5. 





TABLE 5 


Critical Temperatures Determined from Meniscus Dis- 
appearance and P-V Isotherms in °C. 








Stationary Shaken 
System Bomb Ref. Bomb’ Ref. Isotherms Ref. 
Carbon dioxide 30.96 (19) see 31.04 (6) 
Ethane ee .- 32.23 (80) 32.27 (4) 
Propane 96.85 (27) tee s+» 96.81 (4) 
Butane 152.2 (28) 152.01 (4) 
Pentane 197.2 (9) tee +++ 197 (20) 
Ethylene 9.50 (22) 9.21 (31) 9.90 (22) 
Propylene 91.4 (98) ° se. see 6 91.4 (23) 
91.9 (13) +++ 91.9 (24) 
Methylether 126.9 (12) -++ Not deter- --- 
mined 
Ethyl ether 192.3 (25) 194.6 (26) 
Methyl alcohol 240.6 (26) - Not deter- 
mined 
Ethylalcohol 241.7 (25) . tee tee 
243.6 (29) 243.6 (29) 





It is thus presently evident that the interval between 
T,, and T’, is real, but for some systems it is either too 
small to be measured or is nonexistent. This point is 
emphasized by the data given in Table 5. 

That the critical phenomenon is more complicated 
than is predicted by the van der Waals equation re- 
ceives further proof from the study of the temperature 
at which the meniscus disappears as a function of den- 
sity. The critical phenomenon is observable in a tube, 
according to the classical equation, only when the tube 
contents conform to one volume (or density)—that is, 
the critical volume (or the critical density). Actually, 
the phenomenon has been observed for a range of densi- 
ties. The temperature at which the meniscus dis- 
appears was observed using bombs of known capacity 
(about 4 cm.*) and varying known amounts of ethane. 
Typical results (30) are given in Table 6. Similar re- 
sults have been obtained with ethylene and with ethyl- 
ene-propylene mixtures ($1). This evidence substan- 
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TABLE 6 


Disappearance of Meniscus at 32.230°C. + 0:015°C. for 
Different Densities of Ethane 





Precision of density measurements, 1/3000 








Density, g./cm.* Tiny °C: 
0.2071 32.230 
0.2063 32.232 
0.2052 32.232 





tiates the existence of the flat portion at T7,, of the 
P-V-T diagram demanded by Figure 2. 

Prior to this latter work, critical temperature deter- 
minations based on the disappearance of the meniscus 
were made in stationary bombs. Shaking the bomb 
vigorously, however, has a profound effect not only on 
the temperature at which the meniscus disappears, but 
it also increases greatly the precision with which such 
measurements may be made (30). The meniscus dis- 
appears so sharply in a shaken bomb, rather than the 
usual fade-out, that reproducibility of the temperature 
at which this occurs becomes practically dependent 
only upon the limits of temperature control. Shaking 
the bomb causes the meniscus to disappear at a lower 
temperature. Thus with ethylene, 7, is 9.50°C. in a 
stationary bomb and 9.21°C. + 0.015°C. in a shaken 
bomb. The possible effect of this phenomenon upon 
the data in Table 5 should not be overlooked. 

It is suggested (31) that the “temperature at which 
the meniscus disappears in a bomb that is vigorously 
shaken” be known as the “critical dispersion tempera- 
ture.” The critical temperature so determined in a 
stationary bomb is therefore a comparatively indefinite 
point between the “critical dispersion temperature”’ 
and the true critical temperature. It is further sug- 
gested that the determination of the critical tempera- 
ture in stationary bombs be eliminated as a physical 
measurement, since it is not a definite temperature, and 
that the classical definition of critical temperature in 
terms of a disappearing meniscus in a stationary bomb 
be dropped. 

Evidence for heterogeneity at 7',, or the persistence 
of the ‘‘liquid’”’ phase above T’,,, is also obtainable from 
solubility (32), heat capacity at constant volume (33), 
adsorption (34), and viscosity (35) measurements made 
through the region of the critical temperature. The 
viscosity measurements with the carbon dioxide system, 
however, again indicate no measurable difference be- 
tween TJ, and JT, (86). A heterogeneous ethylene 
system, detected by density difference, was produced 
by cooling to a temperature just above the temperature 
at which the meniscus disappeared, after the system 
had been made homogeneous by heating it 5°C. above 
the temperature where the meniscus disappeared (37). 
Heterogeneity is not so restored for all systems. 

Although it is not universally accepted that T,, and 
T, are two distinct and separate characteristic tem- 
peratures, sufficient experimental and theoretical re- 
sults are available to substantiate the view that the 
molecular state of the liquid and the vapor is certainly 
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not always identical at the temperature at which the 
meniscus disappears. At this temperature the liquid 
and vapor states may be regarded as miscible, the lower 
phase in the sealed tube consisting of the liquid molecu- 
lar species saturated with the vapor molecular species 
and the upper phase consisting of the vapor saturated 
with the liquid, the line of demarcation between the two 
phaseg not being visible with ordinary light. Since a 
liquid possesses a more definite structure (order) than a 
gas (38), this structure persists beyond 7',, and is not 
completely broken (disorder) until 7, is reached, at 
which temperature the complete disorder, or complete 
ramdon molecular arrangement, characteristic of the 
gas state, is finally attained. One would thus expect 
associated liquids to have larger intervals between 7’, 
and 7, than the nonassociated liquids. And in this 
connection it is interesting to note (Table 5) that carbon 
dioxide and the saturated lower hydrocarbons, typical 
unassociated liquids, possess, within the errors of the 
data, a practically zero interval, whereas the more 
strongly associated lower ethers and alcohols appear to 
have measurable intervals. Strongly associated water 
has an interval of 6°C. Its meniscus disappears at 
374.2°C. + 0.20°C. (39, 40, 41) but the density of the 
saturated vapor does not equal that of the liquid (39, 
40) until the temperature 380°C. (40) is reached. A 
quantitative relationship between the degree of associa- 
tion and magnitude of the interval cannot, however, 
be deduced from the presently available data. 

In teaching freshmen students, critical temperature 
may be defined as a temperature, characteristic for each 
gas, above which liquefaction is impossible, irrespective 
of the applied pressure. It may also be stated that at 
this temperature, properties of the liquid and gaseous 
states are indistinguishable. These statements, how- 
ever, should not be associated with the disappearance 
of a meniscus. If it is desirable to discuss the deter- 
mination of a critical temperature in terms of the dis- 
appearance of the meniscus in a shaken bomb, the stu- 
dent should be further informed that this phenomenon 
does not always occur at the critical temperature as 
above defined. 

For students of physical chemistry, it is desirable to 
discuss the inability of the van der Waals equation to 
describe the critical phenomenon and to emphasize the 
existence of two characteristic temperatures for certain 
liquids, the so-called critical dispersion temperature and 
the true critical temperature. The uncertainties of the 
data in Table 5 will serve to illustrate to our students 
that ‘classical’ chemistry is not yet ‘solid’ or dead— 
or even “solved in principle” as several theoretical 
physicists have claimed. 
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tartaric acid-sodium hydroxide systems to calculate the 
thermal change at both the initial and the final tempera- 
tures. When the concentration of the sodium hy- 
droxide was such as to remove only the first hydrogen, 
the heat content change was — 12.69 kg.-cal. at 24.3°C. 
and —12.67 kg.-cal. at 25.9°C., indicating almost no 
temperature coefficient over this range. With sodium 
hydroxide of sufficient concentration for complete neu- 
tralization, however, the values at the lower (21.7°C.) 
and higher (24.7°C.) temperatures were found to be 
— 11.21 kg.-cal. and — 13.90 kg.-cal., respectively. The 
difference at the two temperatures is due largely to the 
abnormally low value of the specific heat of solutions of 
normal sodiym tartrate (5). The values for partial 
and complete reaction of tartaric acid with ammonium 
hydroxide were found to be —11,32 kg.-cal. (25.7°C.) 
and — 11.29 (24.7°C.), respectively. 


Whenever temperature and other conditions made it: 


possible, comparison of the results of check experiments 
of the above studies showed excellent agreement; 
however, several factors combine to make difficult any 
rigid evaluation of the data. Where comparable work 
appears in the-literature, it is usually of an early date 
with probable inaccuracy of experimentation. Further- 
more, lack of specific heat and density values force the 
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use of an approximate calculation in several cases. 
Finally, the high temperature coefficient of ionization of 
weak electrolytes is reflected in large differences in the 
heat of reaction at different temperatures whenever such 
electrolytes are involved. Thus, the heat of dissocia- 
tion of ammonium hydroxide, 1240; 790, and —470 kg.- 
cal. at 18°, 25°, and 51° C., respectively, is typical and 
would suggest sensitivity to temperature for any re- 
action in which it enters. In the above experiments, 
however, the expected order of magnitude of the heat 
content change is shown in all cases and from such 
studies the average student receives a clearer insight 
into the nature of the heat of formation of water from 
its ions, the heat of ionization, and of solvation. 
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THE ESSENTIALS OF A GOOD REPORT' 


FLORENCE E. WALL 
Ralph L. Evans Associates, New York City 


Goon reports constitute the principal evidence of 
accomplishment—therefore, the principal product—of 
any well-organized research laboratory. The only 
means by which the management of any company or the 
lients of a consulting laboratory can estimate the re- 
‘urn on investment in research is through the constant 
flow of reports on everything that is planned or in prog- 
ess. Records left only in notebooks—all too often 
egible and intelligible only to the one that wrote the 
otes—are useless as a means of conveying information. 
All such data must be evaluated, interpreted, and cor- 
elated before the results of research can become any 
ntegral part of the body of knowledge of the company 
hat finances it. 

An earlier paper before this Division (1) mentioned 
he importance. of good reports in a general discussion 
pf the place of technical writing in the chemical cur- 
iculum. Three years of concentrated labor, devoted 
almost exclusively to the editing of reports by chemists, 
as shown that most chemists do not know how to 
rite good reports and that almost all chemists cordially 
oathe the writing of reports. 

There are good reasons for this. Most chemists do 
ot know how to write a report simply because they 
ever were taught how to write one, nor given any drill 
n reporting on chemical topics. This, in turn, may be 
because many teachers of chemistry—especially those 
hat lack contact with industry—do not realize the 
heed. Whatever the reason, the result is that most 
hemists emerge from school intoindustry well-grounded 

chemistry but inadequately prepared for proper 
xpression of themselves and their work. 

Many a chemist has been heard to say, in no uncer- 
ain terms, that he was hired to work in a laboratory 
nd that his time is therefore occupied more profitably 
by what he does there than by sitting at a desk writing 
bout it. That is the narrow ‘“‘trade”’ attitude in chem- 
stry; a more professional attitude toward it would 
oon convince any chemist that telling others about his 
ork is just as much a part of it as actually doing it. 

Arguments being futile, the request—nay, the im- 
lacable demand—for a report often shocks the unwill- 

g author into an earnest effort to supply the deficiency. 
Because most of the available books on reports are de- 
oted to the interests of engineers and because most 
hemists do not like to study books on English com- 
osition anyway, this paper was first prepared to be 
art of a manual for the technical staff of a research 

1 Presented before the Division of Chemical Education at the 


10th meeting of the American Chemical Society in Chicago, 
eptember 9-13, 1946. 





laboratory. It grew so far beyond the bounds of any 
manual that permission was asked to publish the in« 
formation for the benefit of any and all chemists that 
may find it helpful. It is hoped that they will at least 
skim the entire paper once and then refer later to just 
the part of it that contains whatever information is 
needed at the moment. 


Why Write Reports? 


A report is simply a statement of facts and eonclu- 
sions, intended for some specific purpose. Much as an 
earnest research worker occasionally resents having to, 
take time from laboratory work to write.a report, the 
requirement to do so is definitely productive of benefit 
because: 

1) Coworkers, group leaders, and directors of 
research are under obligation to keep the management 
of a company or the clients of a consulting laboratory: 
in constant touch with the progress of their respective 
investigations; 

2) The work of assembling the data and organizing 
a presentation of the results of his research helps the 
chemist to objectify and evaluate what has been done. 
and to organize his own thoughts and his program; 

3) The research worker has an opportunity to show- 
what he can do and how he does it—not only his knowl- 
edge of the facts and his mastery of methods, but alsa 
his ability to interpret what he has learned and to im- 
part his knowledge to others; 

4) Patentable products and processes are thus 
brought to the attention of the proper offices as early 
as possible. Reports constitute valuable documents in 
establishing the dates of conception and reduction to 
practice. 


Types of Reports Issued by Research Laboratories 


The frequency with which reports are to be issued is 
governed by the nature of the work and by the terms of 
the agreement when the investigation is initiated. The 
needs of most laboratories can be met by reports of the 
following types: 

1) Progress report: Periodically during long in-. 

vestigations; 

When a project is completed; 
Manufacturing directive for. 
plant; 
4) Special report: Which may be a 
a) Memorandum on technical matters, 
b) Record of meeting, 
c) Literature search. 


2) Research report: 
3) Process report: 
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Characteristics of a Good Report 


The prime prerequisites of every good report are: 

1) Clear understanding of the subject to be pre- 
sented; 

2) Adequate data, carefully evaluated; 

3) Logical organization of subject matter; 

4) Good English: grammar, spelling, punctuation, 
composition. 

These requirements can be met by considering, in 
order, the following problems: 

1) Organization of the report; 

2) Writing the text; 

3) Writing the supplements; 

+) Mechanical make-up for effective display. 

To be as useful as possible, each report must contain 
sufficient experimental data to enable a reader reason- 
ab!y skilled in the art to duplicate the work and check 
the conclusions drawn by the author. This does not 
mean that the data are to be copied verbatim from note- 
hooks, but that details in tables, charts, graphs, sketches 
of apparatus, techniques of operation and compound- 
ing, and calculations, as recorded in notebooks, con- 
stitute the substance of which any well-planned com- 
prehensive report is made. 


ORGANIZATION OF A REPORT 


In planning a report, the author should strive for the 
three qualities that are demanded of all communications 
in business: clearness, conciseness, and emphasis. A 
detailed outline should be prepared, in order to organize 
the assembled data properly and determine the relative 
importance of topics, the order of presentation, and the 
amounts of space to be allotted to both written and 
graphic matter. 


Divisions of Subject Matter 


To cover all the requirements of the average report, 
various authorities suggest the following topics as the 
maximum number of divisions: 


Title 

Abstract 

Table of contents 

Introduction 

Summary of conclusions 

Prior art and patent actions 

Body of report 

Discussion 

Conclusions and 
tions 

Experimental section 

Appendices 

Index 


recommenda- 


The information implied in all these points should be 
accounted for, but the order and arrangement are op- 


tional. This section outlines the nature of the informa- 
tion to be included in each division. The form that is 
to be followed is described in the section on Mechanical 
Make-up of a Report. 
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Title 


Every report should have a title. It should be brief 
but comprehensive enough to indicate the scope of the 
subject. Distinction should be made between a title 
of this kind and the condensed description of the subject 
which too frequently is made to serve as a wandering, 
verbose heading for articles in scientific journals. In 
progress reports especially, the general title of the proj- 
ect should be broad enough to cover later developments 
in the investigation. Subtitles, as headings for succes. 
sive reports, should be narrower and more specific. 

If the laboratory is operated under a project system, 
immediately below the title of the report should be the 
names of the project leader and author, and the nur ber 
of the project. 


Table of Contents 


A table of contents should be included in all research 
reports and in all long progress reports to give the reader 
an outline of the presentation to follow as well as to 
indicate the location of topics. 

If there are only a few illustrations and tables, these 
need not be listed. If, however, either illustrations or 
tables are numerous, and especially if they constitute 
any important feature of the report, they should be 
listed separately as parts of the table of contents. All 
titles of illustrations, tables, and appendices should be 
identical in text and in listings. 


Abstract 


A brief abstract at the beginning of a report should 
give the reader a digest of the whole subject to follow: 
the objective, what was done, and the results obtained. 
No merely descriptive matter should be included here. 
The number of tables, appendices, and other supple- 
ments should be stated. 

Although it constitutes the first page, the abstract of 
a report should be written last. The writing of an abstract 
is good practice for an author, and it should be a con- 
paratively simple task if it is done immediately after 
the report is prepared while everything is still fresh in 
his mind (2). 


Introduction 


The formal introduction to a report should include a 
brief statement of the objective and describe the pur- 
pose and scope of the investigation. Occasionally the 
purpose must be justified. The history of the problem 
should be reviewed, including who and what initiated 
the study, and the delimitations specified. In a prog- 
ress report the relationship of the subject to what has 
gone before should be stated. The introduction and 
abstract together should tell the whole story so that 
a hurried reader need not go further. 

A formal letter of authorization may be included in 
this division of a first report; .but a statement of the 
origin of the request usually suffices. 
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Summary of Conclusions 





2 brief 
of the 
a title 


A brief summary of the conclusions drawn by the 
author (given in full at the end of the report proper) 
gives the reader the answer to the problem stated in 









subject M the introduction. If he should not wish to read further, 
ering, § he has a good idea of the whole report. 
s. In The recommendations for future work may also be 






summarized here. The reader thus has a digest of the 
whole report without reading it in detail.* 
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Prior Art and Patent Actions 






In any research laboratory the patentability of every 
subject under investigation is of the utmost importance. 
Every report should include a brief review of the prior 
art on the subject. All former and existing patents 
should be mentioned, giving numbers and countries of 
origin, so that obstacles to commercial development will 












earch @ be brought to light at once. 
eader New and patentable products and processes may 
as to Warrant a separate division of the report at this point, 





and a statement should be included on any actions that 
have been taken to obtain protection. This may be 
merely a proposal or a memorandum to the patent de- 
partment or attorney of the company, a complete appli- 
cation, or anything else with direct bearing on the pat- 
ent status of the subject. 
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Body of the Report 


The body of each report—that is, the report proper— 
should be a unit complete in itself, to which the pre- 
liminary divisions serve only as supplements or to give 
emphasis to some special aspect. Depending on the 
nature of the report, the body of it may cover the 

Program of research, 
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es Outline of a procedure, or 
Description of experiments. 
ot of The presentation should be a complete exposition of 
~sl the subject in narrative form, preferably in simple 
sah (semitechnical) language, so that a nontechnical busi- 
after Bess executive can grasp the essential facts. 
.* 1) If itis a description of a program of research, the 
report should tell him: 

a) What was planned, 

b) What has been accomplished, 

c) ‘Where the present work is leading. 
de a 2) The outline of a procedure should be general and 
pur informal, telling just what was done without going into 
-theff a detailed description of apparatus or mathematical 
lem} data (reserved for Experimental section). 
ated 3) Any description of experiments performed should 
rog-§ be presented as briefly and clearly as possible. The 
has logical order in which the work was done should be 
and followed, with emphasis on steps of special interest. 
that f@ If several sets of experiments were performed, each set 

should be described in a separate section, with con- 

d in 2 Some directors of research prefer to call this subdivision 
the “Summary and Conclusions,” and give a résumé of the whole re- 






port as well as the conclusions. If the abstract at the beginning 
is well written this should not be necessary. 
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sideration given to the objective, the method, and the 
results. 
The inclusion of tables is greatly to be encouraged. 


, Authors should learn to develop good judgment on the 


adaptability of data to the tabular form and skill in 
drafting them for best effect. A verbose description, re- 
quiring two or three paragraphs, can often be condensed 
into a concise table, which is much easier to read and 
comprehend, especially if it contains mathematical 
data. Tables should be numbered consecutively and 
follow the preferred form (see next section). 

A report may be illustrated by graphs, drawings, 
photostats, or photographs, collectively designated as 
figures. ‘These also should be numbered consecutively 
throughout the text. Specific references should be made 
to each in the text, and the places should be plainly 
indicated in the margins. 

A statement of the results of all experimental work is 
important at this point. Results should comprise: 


Factual data—for basis of judgments; 
Analysis of these data; 

Essential findings; 

What is to follow. 


Discussion 


A discussion should expand what has gone before. 
It offers an opportunity to present details that are 
important but which might retard the reading and com- 
prehending of a report if they were included in the main 
body. The topics covered in the discussion should 
follow the same order of presentation (although all the 
individual topics of the report itself may not require 
discussion) and each should be complete. 

This part of the report offers a place for comment on 
previous work related to the subject, for calling atten- 
tion to hazards to health or necessary precautions to be 
observed in the prosecution of the work, and especially 
for consideration of possible sources of error. 


Conclusions and Recommendations 


The conclusions drawn from the results of the work 
covered by the report should give the reader the answer 
to the problem stated in the introduction. 

Similar to the confusion between title and subject is 
that between results and conclusions. The experienced 
research worker, in addition to knowing what to observe 
and how to record the results of his experiments, should 
also know how to analyze his data and draw the correct 
conclusions from them. Nothing should be included 
here that has not already been covered in the body of 
the report and in the discussion. A brief statement of 
the recommendations for future related work should be 
added here, constituting the ending of the report proper. 

The last page of this division should carry the signa- 
tures of the persons responsible for the report. Within 
a company, it is usually signed by the author and the 
project leader. For clients or individuals outside the 
laboratory, reports may be signed only by a director 
of the laboratory. 
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Experimental Section 


A most important supplement to every report is the 
section on the experiments performed in the prosecution 
of the work described in the report. 

Data in this section should be detailed and complete, 
covering 

Apparatus 
Materials 
Procedure 
Results 

The information given should be sufficient to enable 
another chemist or technical man to duplicate the work 
if desired. 

1) Apparatus: Any description of apparatus should 
be complete and clear enough to permit any reader 
familiar with the art to visualize, or even to duplicate, 
the equipment. The general outlines of a set of appara- 
tus should be described first; then the details should 
appear in logical order, preferably following the flow- 
sheet in manufacturing. Any novel item of special 
equipment should be described in full detail, explaining 
the function of it in the work under consideration. All 
dimensions should be given accurately, with particular 
mention of whether they are for inside or outside meas- 
urement. 

Diagrams of apparatus should be drawn with great 
care, again preferably following the flow of operations. 
All details mentioned in the text should be presented; 
conversely, irrelevant details, not described, should not 
clutter a drawing. ‘ 

2) Materials; All materials should be listed, with the 
quantities used. Proprietary products should be identi- 
fied by the name of the manufacturer (see Nomenclature, 
next section). 

3) Procedure: In describing a procedure to be fol- 
lowed in laboratory or plant, a manufacturing directive, 
or tests with products, everything to be done that has 
any bearing on the subject should be included, in the 
proper order of execution, so that a reader familiar with 
the work can follow it, and if desired, duplicate it, 
without difficulty. (In some reports, the description of 
apparatus and procedure must be given together.) 

4) Results: The results of each experiment should 
be given in detail, with mathematical data in good order 
(for form, see section on Mechanical Make-Up). 

Statistical data should be tabulated if possible.. 


Appendices 

Supplementary material, relevant to the subject of a 
report, yet complete in itself and so voluminous or de- 
tailed that the inclusion of it might break the continuity 
of the main body of the report, should be assembled in 
one or more appendices. Sets of tables, illustrations, 
the detailed mathematical calculations on which con- 
clusions are based, bibliographies, literature searches, 
glossaries, and anything else related to the discussion 
should be presented here. 

All appendices should be listed separately, with their 
titles, in the table of contents. 
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Index 


Relatively few reports require an index. When and 
if a report is so voluminous or so full of details that an 
index seems necessary, the author should prepare it 
according to standard rules of arrangement and nomen- 
clature (3, 4). 


WRITING THE REPORT 


From the outline mentioned in the preceding section 
a preliminary draft of the entire report should be pre- 
pared. 

The body of the report should be written first: de- 
scription of experiments, apparatus used, methods 
followed, results obtained, and conclusions. Only rele- 
vant data should be included here; all supplementary 
matter, pertinent but not an integral part of the body 
proper or of the discussion, should be relegated to one 
or more appendices. Following this, the introductory 
supplements should be written; and finally, the appen- 
dices should be assembled. 

No first draft of a report should ever be submitted 
for serious consideration. It should be studied ob- 
jectively and carefully revised in terms of the prime 
prerequisites mentioned earlier—in other words, in 
answer to the following questions: 

1) Is the discussion of the subject clear and com- 
plete? 

2) Is the material presented logically? 

3) Are all relevant data and only relevant data 
given? 

4) Are formulas correct? 
curate? 

5) Have nomenclature, diction, grammar, spelling, 
punctuation, been checked? 

Then, if time permits, the revised draft should be set 
aside for a few days and re-read critically before it is 
submitted. 


Graphic supplements ac- 


Manner of Presentation 


It must always be kept in mind that a report is writ- 
ten for the benefit of the prospective reader, not the 
writer. For this reason, the style of writing should be 
as impersonal as possible. Certain informal (special) 
reports and brief memoranda may be written in the 
first person, but in general the third person should be 
used. 

Except in acknowledgments to collaborators, the 
names of coworkers should not be scattered throughout 
a report. Descriptions of experiments may be written 
in the past tense and the passive voice, especially 
when the work was exploratory and is not likely to be 
repeated. Directives, on the other hand, are best 
written in the second person imperative, which gives the 
reader his instructions in the most direct manner. 
Over-use of the passive construction, through a desire 
for self-effacement, or in an attempt not to seem offi- 
cious, frequently leads to involved inverted sentences 
which become clear only after repeated reading. 





MAR 


Engl 


In 


‘than 


lish i 
on re 
tions 
book 
impr 
of th 
chem 
Wher 
shoul 
Th 
highe 
it is 
exact 
cepti 
best | 
there 
come 
bring 
Me 
hence 
space 
cleart 
tion t 
sentel 
gener 
the su 
1) 
words 
poor | 
pressi 
tence: 
For 
tion, : 
autho 
the di 
shoulc 
merely 
as the 
2) 
judgrr 
locuti 
use of 
On 
ficed i 
two Ww 
may k 


MARCH, 1947 


English, Style, and Usage 


In a paper of this sort, it is not possible to give more 
ithan a few suggestions on what constitutes good Eng- 
lish in the writing of reports. In addition to the books 
on reports, all of which include some general instruc- 
tions on composition,’ several other good articles and 
books of reference may be helpful to those that need to 
improve their technical literary style (6-8). A few books 
of this nature (9-11) may well be within reach on the 
chemist’s desk, along with the technical handbooks. 
When there is any conflict, the benefit of the doubt 
should be given to the authority on technical writing. 

The standards for technical writing are necessarily 
higher than those for so-called literary writing because 
it is so important that the author’s report convey 
exactly the meaning that he intended. It is an ex- 
ceptional writer that can organize his thoughts in the 
best possible form at the first attempt; most persons, 
therefore, just transfer their thoughts to paper as they 
come to mind and count on revision and rewriting to 
bring the composition into presentable form. 

Most authors of technical reports should do the same; 
hence the need for a first draft with plenty of white 
space for revisions. These should be made in terms of 
clearness, conciseness, and emphasis, giving considera- 
tion to choice of words, spelling, grammar, punctuation, 
sentence structure, chemical nomenclature, and finally, 
general organization for most effective presentation of 
the subject. 

1) Clearness: Clearness is violated by ‘‘woolly” 
words, such as abstract instead of concrete nouns, or a 
poor choice of synonyms, by overworking certain ex- 
pressions and trade jargon, by long or involved sen- 
tences, and by faulty punctuation. 

For correct spelling of doubtful words, for syllabica- 
tion, and for a good supply of synonyms by which an 
author can express fine shades of difference in meaning, 
the dictionary should be consulted regularly (12). It 
should be remembered, however, that the dictionary 
merely records usage and that it should not be taken 
as the last word on the finer points of technical writing. 

2) Conciseness: Conciseness is violated by faulty 
judgment in the selection of details, by wordy circum- 
locutions in place of exact expressions, and by excessive 
use of the passive rather than the active voice. 

On the other hand, intelligibility should not be sacri- 
ficed in efforts to be concise. In some sentences one or 
two words may be used instead of five; in others it 
may be necessary to add several words in order to un- 
scramble a cryptic succession of adjectival nouns. 

3) Emphasis: Good emphasis is lost—frequently 
the emphasis on the important points of the subject of 
the report, by which the value of the work should be 
“sold” to the prospective reader—by incorrect balance 
in presenting descriptive details and by not bringing 
out the really noteworthy results of the research which 
might ultimately have scientific and commercial value. 


3 Several are listed among the References at the end of my earlier 
paper (1). 





Nomenclature 


To standardize the technical language used through- 
out a laboratory, it is best to adopt the system of 
chemical nomenclature used in Chemical Abstracts and 
follow this consistently in all reports. Granted that it is 
an artificial system devised for convenience in indexing, 
the mere force of gravitation of a large mass must 
sooner or later draw everyone to it. During the transi- 
tional period, the more familiar chemical names, if 
used, should be followed by the CA designations in par- 
entheses. Bulletins prepared by the American Chemi- 
cal Society, in which all the rules for the newer names 
of chemical compounds are explained in some detail, 
should be available in the library of every research 
laboratory (13, 14). 

Trade names of all proprietary products should al- 
ways be capitalized throughout a report. This is im- 
portant for patent protection, and negligence in this 
matter may cause unforeseen complications at some 
unsuspected future time. For the convenience of the 
reader, the names of commercial products should be 
followed in parentheses by the chemical name, if known, 
and the name of the manufacturer. 


Grammar and Language 


It is not too much to expect that reports written by 
graduates of a university should be in good language and 
show a knowledge of the principles of grammatical con- 
struction. Correct use of the various parts of speech 
is one of the surest means to clear, concise, and em- 
phaticexpression. Common violationsof these rulesresult 
in a welter of dangling modifiers, long strings of adjec- 
tival nouns, preposition-verbs, faulty correlations, and 
other barbarisms which effectively mar the forcefulness 
of many reports. Some of these constantly recurring 
faults in reports by chemists were discussed in the 
earlier paper (1). 

In any publication of serious intent, the use of the jar- 
gon of special trades and industries is to be deplored. 
Most of these so-called technical terms are merely illit- 
erate localisms, coined by uneducated workers be- 
cause they lacked the vocabulary for better expression- 
One may go to the worker for knowledge of what he 
does, but educated writers of reports need not use his 
terms for operations, especially in reports that are to be 
read by other educated persons, many of whom may not 
be familiar with the field under consideration. There 
is no idiom in “jargonese”’ that cannot be expressed 
better in good technical English. 

The correcting of all these faults in technical writing, 
especially the writing of reports, can come only through 
constant practice. The changes indicated in the edit- 
ing of a report should be carefully studied to determine 
why each change was made, and the knowledge thus 
gained should be applied when the next report is written 


later. 
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Covering Letter 


Some directors of research prefer to incorporate the 
abstract of a report in a covering letter which is then 
submitted with the report to directors or client. 

If the author of a report is requested to furnish in- 
formation for such a letter this should be prepared in 
good form and supplied with the report. 


MECHANICAL MAKE-UP OF A REPORT 


Certain features of the mechanical make-up of a re- 
port that are common to all will be discussed here; 
special features of the different types of report will be 
described in the next section.‘ 

The entire text of a report should be double-spaced, 
with good margins, to allow room for editing, and 
preferably typed. If hand-written, the equivalent of a 
line of space should be left after each line of writing. 
(As a precaution against loss—or editing—the author 
should keep a copy of his report as originally submitted 
for reference.) 


Title Page 

Information on the formal title page of a report 
should answer the questions: 

What? The title of the report, well displayed near 
the top of the paper. 

For Whom? If for a client; 
number of project. 

By Whom? Name(s) of author(s). 

Where? If the work was done outside of the labora- 
tory; otherwise, the author’s laboratory is understood. 

When? Period covered by the work described. 

Authors should give the information required with 
the title of the report. The formal title page is usually 
prepared by the Editor. 


Table of Contents 


In a formal report the table of contents will follow 
the title page. It should be headed simply Contents 
and occupy only one page, if it can possibly be so ar- 
ranged without overcrowding. It may be single-spaced. 
The entries, which should follow the rules for the 
capitalization and punctuation of titles, should be listed 
in the exact order followed in the report, giving all 
major divisions of the subject and the principle sub- 
divisions. For easy reading, each entry should be 
connected with the number of the page by a line of dots 
or dashes (in typed reports, hyphens). If any topic 
should occupy several pages, only the first number 
should be given. 

If separate lists of tables and illustrations are given, 
they should follow the table of contents, giving the exact 
title of each as it appears in the text. Occasionally, a 
single number covers a set of small illustrations or 
tables; if these are sufficiently important, they may be 
listed under the title, giving the number only once. 
The form of numeral to be used follows those in the 
paging of the report. ° 


for reference include 





4 It must be remembered that this paper was originally type- 
written to serve as a guide for reports that will be issued in type- 
written, not printed, form. 
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Paging 


The numbering of the pages of a report should start 
on the first page of the text proper, using Arabic num- 
bers, centered at the foot of any page that carries a 
major heading, and at the upper right of all succeeding 
pages, including the appendices and index, if any. All 
preliminary supplements, starting from the formal 
title page (which carries no number), are given small 
Roman numerals, usually centered below the last line. 


Abstract 


In reports that carry an abstract this is a separate 
page, not numbered. 


Introduction 


The introduction should start a new page, not num- 
bered. 


Report Proper and Discussion 


The body of a formal report usually starts on a new 
page. The heading of it should be the title of the re- 
port in condensed form. The discussion may follow it 
directly or start a new page. 

No strict requirements can be made for the divisions 
and subdivisions of the subject matter in the body of a 
report. 

Headings should be adequate descriptive terms or 
statements and follow one another in logical order. All 
subheadings should indicate the topics that follow, 
avoiding vague generalities like ““Discussion,”’ “Results,” 
etc. The heading should never be made the implied 
subject of the sentence that follows—that is, the first 
sentence under it should be a complete thought with- 
out the heading. 

The manner of designating the headings and sub- 
headings in the divisions of a report is fairly well stand- 
ardized. 


MAJOR DIVISIONS 
may be listed by breaks in the text, with headings in 


capitals centered as shown above. In many reports, 
subdivisions may be adequately presented as 


Side Headings, 


as indicated here, with an extra space before a new 
major division. If, however, the subject can be pre- 
sented better as an outline, the following succession of 
steps is generally used: 


I. ROMAN NUMERALS for MAJOR DIVISIONS, either at 
the margin as here, or 


I. CENTERED, LIKE THIS 


Principal subdivisions are then designated by 
A. Capital with period, either indented three spaces (if I. 
is flush), or 
A. Starting at the margin (if I. is centered). 

In typing, the side heading for a major subdivision may be 
either in capitals, not underlined, or in capitals and small letters, 
underlined. All other side headings are usually underlined (in- 
dicated here as italics). 
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In either form, the text should start at the customary space 
for paragraphing (5, 8, or 10 spaces in typing), and be carried back 
to the margin, as this is. 

Secondary subdivisions are designated by 

1) Arabic numeral, single parenthesis, indented three spaces. 
The paragraph of text starts where this one does and 
is carried back to the margin. 

Further subdivisions are designated by 

a) Small letter, single parenthesis: 
Paragraphs start here. 
Text indented to this line. 
(1) Numeral, double parentheses. 
Paragraphs start here. 
Text indented to this line. 
(a) Small letter, double parentheses. 


To prevent over-long narrow columns in subdivisions 
of the text, the step-down arrangement may be varied 
by setting 


a) Topic: Followed by a block of text, all indented. 


The details of the final arrangement are optional with 
the director and the editor. Many versions of the 
mechanical arrangement are shown in various textbooks. 


Footnotes 


Information that is pertinent to the text, and yet not 
an integral part of it, may occasionally be necessary. 
In general, however, footnotes should be used sparingly; 
in most technical papers, information that is important 
enough to be given in a footnote can usually be in- 
corporated in the text. 

Most footnotes refer to citations in the literature. In 


a typed report, the number of the references should be 
run into the text thus /25/. 

The numbering of notes may be either for a single 
page or for an entire report. The former system offers 
the advantage that the order may be changed, and 
notes may be added or taken out without disturbing 
the order on the other pages. 

When there are many footnotes, or frequent refer- 
ences are made to certain ones, it is advisable to place 
them together at the end of the report. A note should 
then be made under the first reference to indicate the 
page where all will be found. 


Conclusions and Recommendations 


The detailed presentation of the conclusions and 
recommendations may also start a new page or continue 
as a major division. 


Citations 


References to the literature, if few in number, are 


usually given as footnotes on the appropriate pages 
of the text. Any large number of citations, however, is 
best segregated into a Bibliography at the end of the 
report. -This division may even be large enough to 
constitute a separate appendix. For ease of reading a 





/25/ and the note should be placed at the foot of the same 
page, set off below the text in single spacing, like this. In double- 
spaced typing, the reference may be raised to the intermediate 
space. 
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long list of citations may have the names of the authors 
numbered in alphabetical order; references in the text 
should then be made to the numbers, in increasing order 
of numbers when several are given. This arrangement 
is usually more satisfactory than‘a straight numerical 
order throughout the report, leading to a confused array 
of names in a bibliography. It also avoids the use of 
the ibid., op. cit., and loc. cit., which often clutter the 
footnotes in the text and necessitate leafing back to 
find the original reference. 

Most publications have an established form for cita- 
tions, using different fonts of type. The limitations of 
typewriting make it necessary to modify this somewhat, 
and the following forms have been found satisfactory. 

If a bibliography is included, the reference in a foot- 
note may be brief, as follows: 

a) For an article: Author(s), surname(s) only; 
abbreviation for name of journal, underlined; number 
of volume, page (year). 

Example: Russell, J. Biol. Chem., 156-467 (1944). 


b) Forabook: Author(s), surname(s) only; full title 
of book (underlined); page(s) cited. 
Example: Suter, The Organic Chemistry of Sulfur, 202-205. 





In a bibliography (or in a footnote, if no bibliography 
is included) references should be complete, as follows: 

a) For anarticle: Author(s), surname(s) first, then 
initials; title of article, properly capitalized; name of 
periodical (or accepted abbreviations) underlined, [in- 
clude series, if noted, in brackets]; volume, page(s), 
year (in parentheses). 


Example: Russell,S. A. Note on the Colorimetric Determination 
of Amino Nitrogen; J. Biol. Chem., 156 [2]: 467-468 (1944). 
b) For a book: Author(s), as for a); full title of 

book, capitalized and underlined; edition, if noted; 

publisher, shortened form acceptable; city, year. — 

Example: Suter, C. M.: The Organic Chemistry of Sulfur; Wiley, 
New York, 1944. 





Whenever possible, primary sources, 7. e., original 
books and articles, should be cited. If for any reason 
these have not been obtainable, both the primary source 
and the secondary source through which it was quoted 
should be given in the reference. Acceptable forms are 
as follows: 

Examples: Schmieschek, U. Photographic Infrared Effect of 

Silver Sulfide. Z. wiss. Phot., 40: 219-230; through Phot. 

Abstr., 22: 198 and C. A., 37: 4021-9 (1943). 


Radcliffe, R.S. Casein Paints; Ch. 15 (pp. 461-481) 
in Protective and Decorative Coatings (J. Mattiello, Ed.); 


Vol. III. Wiley, New York, 1943. 





A reference to a patent should give: number, with 
abbreviation for country of origin; author(s) or as- 
signee (name or initials of company); date of applica- 
tion. 

Examples: USP 1 982 149; 

Works); 7/4/21. 

USP 2 352 524; 

Affiliates); 6/20/38. 


Barmaine (to General Aniline 


Evans and McDonoug!: (to Sales 
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For easy reading, long lists of patents are best ar- 
ranged in groups of five or ten, with commas omitted 
and spaces substitued. 


Abbreviations 


Regardless of what personal system the chemist may 
have invented for his own notes, abbreviations used in 
reports should conform to those that have been officially 
accepted and are generally understood. Here again, 
the system followed by Chemical Abstracts may well be 
adopted for uniformity (15, 16). 

Handbooks are at variance on the use of periods with 
abbreviations. In print they are less obtrusive, but in 
typewritten reports—except where there might be am- 
biguity—and in the headings of tables, periods may be 
omitted. 


Mathematical Data 


Pages of mathematical data should be checked most 
carefully and critically, both as to substance and as to 
form. An equation should be dropped and centered on 
a separate line from the preceding text; and for good 
appearance the signs of equality in succeeding equations 
should be aligned wherever possible. 

Greek characters in mathematical formulas should 
be indicated at the exact spot in the formula, and from 
this a line should be drawn to the margin, where the 
name of the character should be written in full, e. g., 
alpha, mu, rho, etc. The correct character will then 
appear in the finished report. 

Numerals may be used throughout the text of a re- 
port except at the beginning of a sentence or paragraph; 
this can usually be avoided by a slight change in con- 
struction. Authorities differ on conventions for the 
representation of numbers—that is, on just which 
numbers should be in words and which in figures. For 
uniformity in the reports as issued, the following rules 
should be observed: 


1. Use numerals for exact quantities, decimals, com- 
pound numbers, percentages, units of time, 
measure, ratio, distance, dimensions, all values 
expressed with abbreviations, and temperatures 
(except zero). 

. Spell out simple numbers below ten (except in a 
series of numbers), and all approximations. 
Express fractions as decimals wherever possible, 
with a cipher before the decimal point. 

Jse percentages only to express exact quantities 
that are parts-of-a-hundred. Never express an 
approximation as a percentage. 

. Quantities considered as units take singular verbs; 
e. g., 300 grams was added. 


Large numbers should be pointed off when the group 
consists of more than four digits; that is, thousands 
below ten may be left in one group (7000), but above 
ten thousand, numbers should be written in groups of 
three, separated by commas or spaces (16,275, 12 500). 
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Symbols and Formulas 


In mathematical formulas, symbols are commonly 
used to express certain quantities. Those that are 
generally accepted in science and engineering may be 
used freely, especially when there is no doubt that they 
will be understood by the reader of the report. Others, 
when adopted by the author to serve his own needs, 
should always be explained in a footnote or glossary. 
In choosing symbols of this kind, the author should 
keep in mind the limitations imposed by processing and 
use only characters that can be readily reproduced in 
typewriting. 

Symbols and formulas should not be used in place of 
words throughout the text of a report. Short chemical 
formulas may be used in equations and as the headings 
of columns in tables, but the names of the elements and 
compounds are preferable in the descriptive portions 
of the report. Single symbols and short formulas should 
never be used at the beginning of a sentence. 

Graphic formulas should be given in the most recent 
form accepted by the Commission on the Reform of the 
Nomenclature of Organic Chemistry (13). Doubtful 
ones can be checked in the indices of Chemical Abstracts 
or in the Ring Index. They should be spaced as economi- 
cally as possible, but drawn large enough and clearly 
enough to permit accurate copying by nontechnical 
assistants.’ All positions of substituents and bonds 
should be carefully checked. 


Tables 


Tables should be numbered serially for each in- 
vestigation, designated by Roman numerals, and each 
should have a brief title. Tables occupying less than 
half a page may be run into the text of a report; those 
occupying a page or more should be numbered as sepa- fi 
rate pages in the body of the report, when submitted. §i 
A few isolated tables to which frequent reference is 
made may be incorporated in the final text. Otherwise, 
if there are several of them, all tables may be placed 
together in an appendix. The exact location of tables 
should be carefully noted throughout a report by specific 
mention in the text, or by 


Insert Table 00 here. 
Tables should conform as closely as possible to the 
following: 
Table I 
Brief Title (Centered) 


In 
Equal Lines 


Under 
one line and 





If Possible 


Headings 
close box. 


Headings | Of Columns 


Data Centered 
Below last line! of data, drop 











The problems associated with processing should bef; 
kept in mind when tables are planned. Depending upon 


5 A handy device for this is a stencil showing hexagons in 
several sizes, sold in the many art and stationery stores. 
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the number of headings required, tables may be ar- 
ranged across either the width or the length of the page. 
If across the length, space sufficient for binding should 
always be allowed above the table. In presenting data: 

1) Condense headings as much as possible, setting 
them obliquely if necessary. 

2) To avoid repetition of units in columns, include 
them in the headings. 

3) Wherever possible, use decimals instead of frac- 
tions and align the decimal points. 

4) To avoid confusion with numerical data, refer- 
ences to footnotes in tables should be given an asterisk 
(*), or preferably, a small letter (a). 

Authors should hold themselves responsible for the 
checking of all data in tables and indicate all corrections 
in copy. Typists should not be expected to make re- 
visions. 

Long tables may be either on a folded sheet or con- 
tinued on a second page. In the latter form, To be 
Continued should be written at the foot of the first page, 
and the title of the table (followed by Continued) should 
appear at the head of the second page. 

Some tabulated matter in the text of a report does not 
warrant the importance of a numbered table with a 
formal heading. Such data—usually consisting of only 
a few lines—may be set in columns, each with an appro- 
priate heading, the whole centered, and mentioned in 
the text as a Summary. 


Illustrations 


When a report is submitted, all illustrative material 
should be interleaved where reference is made to it in 
the text. In the finished report, the illustrations may 
either be placed at the points of reference or assembled 
in an appendix. To avoid confusion with the number- 
ing of tables all illustrations should have Arabic nu- 
merals. 

1) Graphs: All graphs should be drawn on special 
paper that is available, and submitted in finished form, 
ready for processing. The layout should conform to 
the requirements of the finished report—that is, the 
customary binding margin should be left at top or side. 

For the form of titles, legends, etc., the author should 
confer with the editor before these are typed on the 
graph. It may be better to submit a dummy of the 
layout with accompanying text, so that the printing or 
typing will conform to the standards of. the office. 

The symbols and types of lines used on graphs should 
be those commonly accepted and understood by those 
that are to interpret the graph. The explanation of 
these conventions may be found in any of several stand- 
ard books of reference. 

2) Line Drawings: Diagrams of apparatus and flow- 
sheets of processes should be drawn in good form on good 
white paper, all ready for processing. For uniformity 
in finished drawings, it is preferable to have keys, leg- 
ends, and other lettering typed on the drawing or 
assembled in one corner. These should be furnished on 
adummy, from which they can be copied by the typist. 
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If possible, drawings should conform to the size of 
the pages of a report (8.5 X 11 inches), and allowance 
should be made for an adequate binding margin. They 
may, however, be of any size that necessity demands, 
provided that the dimensions will permit convenience 
in folding and that the folded sheet will not be bulky. 

3) Photographs: Whenever necessary, photographs 
may be submitted for inclusion in a report, but it must 
be remembered that these represent the most expensive 
type of illustration, and, when original prints must be 
used, present technical difficulties in mounting, which 
may make them unsatisfactory in the finished report. 

When possible, photographs may be reproduced by 
photostat in the same size, or larger, or smaller than the 
original. Each photograph should be marked lightly 
in pencil on the back, and a dummy should be prepared, 
showing the desired layout and all legends. Whenever 
possible, several photographs should be grouped on one 
sheet. 


TYPES OF REPORTS 


The purpose and characteristic features of each of 
the types of reports mentioned at the beginning of this 
paper will be described here so that prospective authors 
will know what is expected of them when a certain type 
of report is requested. 


Progress Report 


A progress report should be prepared periodically 
(once a month, or every two or three months as agreed) 
during the course of any long-term investigation. One 
may be requested, however, at any time by the direc- 
tors of a company or by a client. If all notebooks are 
kept up-to-date, the preparation of such a report be- 
comes only a matter of routine. 

The accumulation of progress reports on any investi- 
gation should be like successive chapters in a book. 
Pages, tables, and illustrations should be numbered 
consecutively so that the entire set will be a unit when 
completed. To prevent crowding, the dates for these 
reports should be staggered. 

Much or little, the information for a progress report 
should be submitted to the director of research on 
schedule. The form in which it is tq be transmitted 
further—that is, whether as a formal report or as a 
letter—may be left to the discretion of the director. 


Research Report 


A research report should be issued on every investiga- 
tion when it is completed. On short-term projects, 
therefore, it may be the only one issued. For long 
investigations a Research Report should represent a 
condensation of all the progress reports. 

The material, as submitted, should conform in all 
details to the requirements described here. 


Process Report 


A process report (also called a manufacturing directive) 
is issued whenever a compound has been successfully 
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prepared in the laboratory and is, in the opinion of the 
Director and the author, ready to be tried in a pilot 
plant or a commercial plant. 
For uniformity and simplicity, the following typical 
form may be followed: 
DIRECTIONS FOR 


MANUFACTURING OF ... 
Material required 





(Center all items) 
Equipment 
(Center all items) 
Procedure 
Into a... place 
100 Ib. 
50 ib. ... 
7.5 gal. ... 


and agitate for ... 
Then remove contents of vessel to ... 
and add 
10) Hb... 


List all quantities of materials used in the wide space 
as noted above; align decimal points and units. Place 
all notes together at the end of the directions. 

A process report should be exhaustively complete in 
all details relating to the process described so that 
anyone trying to follow it could expect to duplicate the 
results exactly. 


Special Reports 


A special report may be required at any time on any 
subject. 

1) Technical Memorandum 

The prime purpose of a technical special report 
is to keep company correspondence clear of technical 
information that still should be part of the permanent 
files. 

It may be in the form of a memorandum to the proj- 
ect leader, to the director of research, to the directors 
of a company, or toaclient. It may be information on 
some project under investigation which is or is not 
intended for the client, or on strictly intralaboratory 
affairs. Depending on the length of the communication, 
it may be submitted as a regular report, in a cover, or 
made a supplement to a letter. 

2) Record of Meeting 

a) Conference 

Any regular or occasional conference with direc- 
tors or clients should be the subject of a special report 
(which may or may not be sent on to the client). 

Before the conference, each person who is to be 
present should prepare a list of agenda (literally ‘‘what 
is to be done’”’). These topics should be brief statements 
as reminders, in the order to be followed during the 
conference. At the conference, someone appointed to 
serve as secretary should keep careful notes on the 
agenda, summarizing: 

(1) Work done on each topic to date; 

(2) All comments made on each topic by 
anyone present; 

(3) Recommendations and suggestions for 
continued work. 
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A copy of the original agenda and full notes on thejto pu 


conference should be sybmitted to the office at once: 
The report should be signed by whoever served as secre-, 
tary pro tem. I 
b) Minutes 
The minutes of any regular meeting of standing 
or special committees at the laboratory, and especially 
of any meeting that is attended by delegated representa- 
tives of the laboratory, should be the subject of a Special 
Report. 
The requirements for a report of this type must neces- 
sarily be flexible within wide limits. Minimum data 
should include: 


Name of group (organization or committee), 
Time and place, 

Occasion (if special), 

Major actions taken, and 

Conclusions and recommendations. 


Space need not be devoted to reports that were read at 
the meeting unless they convey important information, 
nor to motions made and seconded unless pertinent ac- 
tion was taken on them. 

The report of a Committee Meeting should always 
be signed by the person that served as secretary (regu- 
lar or pro tem). 

3) Literature Search 

In any research laboratory a complete file of 
reference literature on projects under investigation or 
otherwise of interest is of the utmost importance. To 
prevent overlapping by later investigators, each report 
on the literature should be delimited as follows: 


Subject of search (delimitations), 
Requested by, 

Scope (sources consulted), 

Results (summary of information found), 
Abstracts. 


References may be at the foot of each page of the re- 
port or assembled at the end; if many references are 
made to the same source, the latter arrangement is 
better. This may be left to the good judgment of the 
searcher, but for the sake of uniformity it is suggested 
that citations be given in the forms earlier in the report. 


PROCESSING OF REPORTS 


By the processing of a report is meant everything that 
happens to it from the time the author submits it until 


it is issued—editing, revisions, preparation of master}: 


copies for duplicating, preparation of illustrations, and 
assembling. Each of these steps takes time; and when 
any step must be repeated, it also becomes expensive. 


Function of the Editor 


Most research laboratories have an editor—if not 
someone with the formal title, at least someone that 
takes to heart the problems related to the issuing of re- 
ports. 

The real function of an editor is to edit copy—that is, 
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to put it into good form for printing or publication. 
Theoretically, this means merely marking copy with 
notations for styles of type, spacing, etc.; actually, it 
usually involves a certain amount of revision of copy, 
attention to spelling, punctuation, grammar—English 
in general—and much condensing of the subject matter. 
But here it should end. The editor should not be held 
responsible for the correctness or the correcting of 
mathematical data (even simple arithmetic), chemical 


(formulas, and equations. 
neces-|- 


If all the points covered by this paper were standard 
practice by all authors of reports in research laboratories, 
the work of an editor would be considerably simplified. 
The following routine may be found helpful in an effort 
to meet all requirements. 


First Draft of Report 


The original copy of the author’s finished draft of a 
report, typed or hand-written, in double spacing and 
with generous margins, should be submitted to the 
office in charge of reports, where it should be recorded 
and sent to the editor. At this stage it is considered a 
first draft. The author should keep a copy for reference. 
Any report that has been subjected to major revisions 
by the editor should be referred to the author for ap- 
proval before it is copied. Any questions about sug- 
gested changes and revisions should be discussed with 
the editor immediately. As far as possible all changes 
in copy should be made on this draft. Badly mutilated 
copy should be retyped for the author, in whole or in 
part, if required, and again submitted for approval; 
otherwise the e?..d copy may be sent to the typist. 


Second Draft of Report 


The revised form of a report—called the second 
draft—should be typed in either double or single spac- 
ing, depending on the form in which it is to be issued. 
It thus serves like a printer’s proof, to show how the 
finished pages will appear, and indicate the placing of 
tables and other illustrations: 

The carbon copy of the second draft should be refer- 
If further changes are necessary, 
they should be reported to the editor and amended, or 


new copyshould be furnished on separate pieces of paper. 


Revised copy should be marked “Approved as K.) 
with corrections.” 


Final Form of Report 


Depending on the number of copies that are to be 
made of a report, the final form as issued may be type- 


written with carbon copies or duplicated by mimeo- 
graph. Because for the second process, every page of 
the report must be cut into a stencil on waxed paper, 
this means one more reading of proof by the author. 
‘| Nothing should ever be altered on the stencils, these 
t] being the responsibility of the stenographic department. 
Only changes of vital importance should be made on 
these proofs—no capricious improvement of literary 
style on last-minute inspirations. 
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Proofreading and Reading Proofs 


Provided that the report has been prepared according 
to the suggestions given here, it may be assumed that 
it is free from errors of fact. To ensure its being free 
also from typographical errors, all copy should be 
proofread in the stenographic department. 

. Proofreading is a mechanical process by which the 
work of a compositor (here, a typist) is checked against 
original copy to see that it has been correctly trans- 
cribed. A good.proofreader checks every character of 
the copy, and the typist is held in error only for details 
that vary from the copy. Ifa proofreader occasionally 
gives thought to the sense of what has been copied, 
this should be considered purely gratuitous. The only 
responsibility on the proofreader is for typographical 
errors that are not caught when draft is checked against 
the original copy. Anything that is not clear is usu- 
ally noted in the margin with a question mark or 
“Query.” 

* Reading proof is an entirely different operation. Here 
the author critically reads his report for sense and 
sound and for one last good look before it is put in final 
form. In reading the proofs of a technical report, the 
author should read with both his eyes and his mind, 
checking chemical nomenclature, formulas, equations, 
calculations, footnotes, and cross references. All 
queries should be answered. Frequently, the omission 
of something, which has been entirely overlooked in 
the original copy, looms large when it comes back in a 
revision. 

As the spotting of errors of this kind is entirely the 
responsibility of the author, the reading of proofs should 
be considered, not as a chore that is unworthy of serious 
attention, but as a welcome opportunity to avoid 
trouble for himself and both trouble and expense for 
the personnel of the office. 

Errors of omission and commission, as found by the 
author in revised copy, should be noted in the margin 
by the use of standard proofreader’s marks.’ All cor- 
rections and changes should be written in the margin, 
at the foot of the page, or on a separate piece of paper— 
not crowded between lines of a copy, especially in single 
spacing. The place of insertion should be plainly 
marked in the text. ’ 


CONCLUSION 


The foregoing presentation covers the requirements 
of the types of reports issued by the average research 
laboratory. Additional types may be required and the 
fine points of individual forms may vary somewhat, 


_but any chemist that really knows and applies the 


information given here should be a great comfort to 
any director or editor. 

Such a concentrated distillate. from long experience 
and many good texts can serve only as a superficial 
remedy for an extremely irritating, chronic condition. 





6 Proofreader’s marks are published in many standard textbooks 
on English and on reports. They may also be obtained from al- 
most any printer. 
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The basic trouble lies deep, in the lack of fundamental 
instruction. 

Skill in technical writing is rarely innate, and it can 
never be taken for granted. Like any other art, it must 
be learned by study of basic principles and steady prac- 
tice. Those that have not had special training in ex- 
pression for chemistry, as well as in the study of chemis- 
try itself, and who may wish seriously to improve their 
knowledge of the principles of technical writing, will 
find several of the books and articles in the following list 
helpful. Representative books on this subject should 
be available in every library associated with a research 
laboratory. 

The greatest need, however, is for more courses in 
technical writing. Along with foreign languages and a 
course on chemical literature, instruction in the writing 
of reports, abstracts, and other technical literary forms 
should be included in the list of tool subjects required 
for every student of chemistry that hopes to make a 
living by it, whether in teaching or in industry. If 


such a course has not been included in the undergradu-. 


ate curriculum where it belongs, it should be available 
to graduate students and required as an extracurricular 
activity. Certainly, no graduate in chemistry should be 
foisted on the chemical industry without knowledge of 
this important skill. Teachers of chemistry on any 
level, who do not warn students of what will be expected 
of them and at least show them where and how they 
can be prepared for it, are seriously remiss in their ob- 
ligation to industry. 

Instruction in technical writing should not be left to 
the English Department. Many teachers of courses on 
exposition can and do teach writing on technical sub- 
jects. They are to be commended, but it is devoutly 
to be wished that more teachers of chemistry should be 
able to teach technical writing. It is far easier for them 
to learn the use of their language merely as another 
instrument of precision than it is for even the best 
teacher of English composition to acquire the necessary 
minimum of background in science. 

Proper courses of instruction will help the reports 
of the future, but the current need is urgent. The re- 
ports in the files of a research laboratory constitute 
capital investment and its most valuable asset. They 
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should be obtainable with the least expense of time and 
effort. It is hoped, therefore, that this tabloid pres. 
entation may be of help to our contemporaries. By 
ready reference to the various sections of this paper, 
authors can soon familiarize themselves with the re- 
quirements for the specific type of report that is to be 
written. Each will thus help materially in the con- 
certed effort to bring all the reports from research labo- 
ratories to standards of excellence of which all directors 
—and all chemists—may be proud. 
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AN APPEAL 


LIKE many other institutions the University of Brussels suffered greatly during the War and 
finds itself lacking the first 13 volumes of the JouRNAL OF CHEMICAL Epucation. The Director 
of the chemical laboratory, Dr. Timmermans, asks whether there is anyone who can supply these 
volumes at not more than a nominal rate. The Editor would like to hear from any benevolent, 


internationally-minded reader willing to fill this need. 
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An Exact Scale Model of 


The World’s Smallest Analytical Balance. 





One of Our Correspondents, J: R, Irving, of Maine Township 





High School, Des Plaines, Illinois, Made a Bunsen Burner Lighter by 
Attaching a Flint Whee! Assembly as Shown in the Illustration 


the Conventional Balance; Made by O. T. Peterson, It Has a Capacity 
of Two Grams and a Sensitivity of One-Fiftieth of a Milligram. 
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What's Been Going Ou 


Sodium fluoroacetate, known as 1080, is the new rough-on-rats 
which was developed by the O.S8.R.D. 

Cunico and cunife are new alloys composed, respectively, of 
Cu-Ni-Co and Cu-Ni-Fe. 

The U. S. production of caffeine amounts to about one million 
pounds annually at an average cost of $2.64 per pound. The 
foremost use is in the preparation of cola drinks, whereas the sec- 
ondary use is in the synthesis of medicinals. 

Vacuums of 99.999999 per cent are now realizable. 

2-Phenyleyclohexanol and 1,2,3,4-tetrahydro-2-naphtho] (§- 
tetralol), according to the Naval Medical Research Institute, are 


effective mosquito repellants. A mixture (NMRI-201) of 70-per | 


cent of 2-phenyleyclohexanol and 30 per cent of 8-tetralol, by vol- 
ume, is more effective than either alone. 

One of the most effective methods, first proposed by Romansky 
and Rittman, for delaying the absorption and excretion of peni- 
cillin with the prolongation of effective serum levels, is by intra- 
muscular or subcutaneous injections of the compound suspended 
in sterile peanut oil and beeswax. 

Quick freezing is a sort of drying process, by which the water is 
bound as microscopic crystals. : 

Studies by Thor W. Gullickson and Chas. E. Calverly, of Min- 
nesota A.E.S., indicate that cardiac failure in cattle is induced by 
a vitamin E-free diet. 

Metals plated on plastics resist corrosion because there are no 
galvanic couples with a basic metal. 

Silmanal, a new alloy which is useful in television, can be used 
in making compass needles which point east and west. 

Canned food recently discovered, which was stored on Dealey 
Island in the Arctic Ocean by Captain H. Kellett during his 
search for the Northwest Passage in 1852, was found to be edible. 

Fluorescein, according to Kathleen Simpson in Hygeia, may be 
injected into the veins and its circulation followed by long wave ul- 
traviolet radiation. 

Prostigmine (or neostigmine methyl] sulfate) is a specific cure, 
according to Dr. James E. Bell and Dr. John A. Blone, for the 
bite of the black widow spider. 

Penicillin has been used effectively to treat scarlet fever. 

Methyl a-naphthylacetate, when dispersed on potatoes in stor- 
age by use of shredded paper or an inert dust, will appreciably de- 
lay or prevent sprouting. 

A “radio watch” is the latest of the ingenious proposals for 
licensed commercial radio to broadcast news, time, and the 
weather. 

Glass, according to studies by the General Electric Company, 
is about 300 times smoother than satin and 475 times smoother 
than silk. 

Bacitracin, a new antibiotic, appears to be effective against 
certain gangrene, gonorrhea, staphylococcal, and streptoccccal 
infections. 

Calcium lignosulfonate will prevent concrete from clumping, 
according to chemists at Ohio State University. 

Undecylenic acid, according to the Navy Department, is both 
a preventive and a curative for athlete’s foot. 

Antu (a-naphthylthiourea), although not toxic to man, is so po- 
tent that one pound will kil] 300,000 rats. 

The government-owned surplus of toluene amounted to 17,- 
692,000 gallons. 

A new-type grinding mill is reported to speed up the manufac- 
ture of fine dispersions (of particle sizes of one micron or less). 
The machine is described as containing very few wearing parts. 

To remove rust, a new compound, claimed to be relatively non- 
corrosive to steel even after long exposure, is offered for applica- 
tion by brush, spray, or dip methods. 

A new plastic, according to a British patent, is obtained from 
the reaction of formaldeliyde, in butanol, with aminotriazines, 
guanidines, thioureas, or ureas. The product is particularly use- 
ful in the manufacture of decorative or protective film-forming 
compounds, 


A chlorinated rubber gives a highly waterproof coating to con- 
crete surfaces. 

Copper acetate is the effective ingredient in a shark repellant 
developed by the U. S. Navy. 

A specially formulated vinyl plastic, developed by General 
Electric, can be shrunk at room temperature around connectors, 
cable ends, busbars, tools, and other pieces of electrical equipment 
to form durable, tough insulation. 

The slurry method, developed by du Pont for the treatment of 
seed corn against disease and decay, uses tetramethylthiuram di- 
sulfide as the active ingredient. 

Aluminum can now be produced in lasting colors—red, green, 
blue, yellow, gold, and aJl intermediate shades. 

Windshield icing and fogging is eliminated by use of Nesa, a 
permanent transparent coating for glass that successfully con- 
ducts electrical current through the glass panel. 

Metallic stearates are widely employed to increase the viscos- 
ity and body of mineral oils without the formation of sticky, 
gummy products. 

Recent advances in the rubber industry include the develop- 
ment of an antiseptic rubber, another anti-aging chemical, a new 
blowing agent, another chlorinated synthetic rubber, a new GRS 
type of rubber, another plasticizer and extender for Iatex, a new 
wax emulsion, chocolate-flavored rubber bones for dogs, and su- 
perior inner tubes of butyl rubber. 

Shrinkproofing of rayon, according to R. L. Bateman of Car- 
bide and Carbon, is now effected by the use of glyoxal. 

The sweetest known substance, according to Professor Pieter 
Edward Verkade, of Delft Technical University, Holland, is 1- 
n-propoxy-2-amino-4-nitrobenzene, which is about 4000 times as 
sweet as cane sugar. 

Aralen [7-chloro-4(4-diethylamino-1-methylbutylamino)-quino- 
line diphosphate] usually cures malaria in one day, does not 
discolor the skin, is effective against vivax, and may replace both 
atabrine and quinine. 

2,3-Dithiopropanol, administered by injection in benzyl benzo- 
ate and peanut oil, is a new, effective antidote for arsenic. It is 
believed to form an addition complex with the arsenic, which is 
eliminated as a waste product. 

The killing of pollinating insects, according to the British Min- 
istry of Agriculture, by use of DDT is not serious if the insec- 
ticide is not used on plants and trees while in blossom. 

It has been demonstrated that orally ingested penicillin is ab- 
sorbed from the gastrointestinal tract in significant amounts. 

Anti-fouling paints, containing DDT, appear to be effective 
against the Balanus species, but there are at least eight different 
phyla and classes of marine flora and fauna which contribute 
materially to the fouling of ships. 

Successful experiments with camphor basil, which gives a high 
yield of natural camphor in a growing period of only 120 days, 
indicate that this may become a new agricultural crop. 

Fluorescein was used to locate leaks in the pipe line which was 
laid under the English channel to supply the Allies in Normandy. 

Drying oil esters of pentaerythritol are now used in varnishes 
and resins in place of linseed or tung oil. 

Vitamin B, conjugate, isolated by chemists of Parke, Davis, 
and Company and synthesized by chemists of the Lederle Labora- 
tories, is a form of an anti-anemia vitamin. 

Did you know that over 14,000 compounds have been 
“sereened” in the antimalarial program and that about 7000 of 
these were synthesized specifically for these tests? Whereas 
many of these are superior to quinine in the control of malaria, 6- 
hydroxy-8-aminolepidine is 600 times as effective and another 
may prove to be 1000 times as potent, and the end is not yet in 
sight. 

The principal insecticidal weapon used by the Soviets against 
lice and typhus was a soap solution containing bisethyl-xanthogen 
(Et.0.SC.S.S.CS.0.Et). 

—Eb. F. DEGERING 
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« THE FAIRY STORY OF ATOMIC WEIGHTS 


Iv eLEMENTARY chemistry textbooks the description 
of the determination of atomic weights is entirely in- 
adequate. Here is the usual account: The method 
was invented by Cannizzaro and depends upon Avo- 
gadro’s hypothesis. From the densities and com- 
bining volumes of oxygen, hydrogen, and chlorine the 
atomic weights of these elements are determined, and 
it is found that a gram molecular weight of a gas oc- 
cupies 22.4 liters. Atomic weights of other elements 
can then be found by determining the smallest weight 
of the element ever found in 22.4 liters of a gaseous 
compound. The next step is a generalization called 
Dulong and Petit’s law, and by assuming the general 
truth of this law, we can calculate the atomic weights 
of all the other elements, even if they do not have con- 
venient gaseous compounds. 

This description has only one flaw, and that is that it 
willnot work. The difficulty is in deriving Dulong and 
Petit’s law. Any law should be derived from experi- 
mental data, and the experimental data on which Du- 
long and Petit’s law is based ought to be presented. 
This could be done in the form of a table, having the 
following columns: (1) name of element, (2) gaseous 
compounds used (for the methods of atomic weight 
determination described up to now all require gaseous 
compounds), (3) atomic weight so determined, (4) 
specific heat, and (5) product of atomic weight and 
specific heat. But in no text book can such a table be 
found. 

Some textbooks give a list of elements whose atomic 
weights can be determined by the methods suggested 
by Cannizzaro. Popular elements for this table are 
nonmetals, such as H, Cl, O, C, P, and N. Many 
books also give a table of atomic weights and specific 
heats, thus recognizing an obligation to show how 
Dulong and Petit’s law is deduced from experiment, 
but popular elements for this group are metals, such as 
Li, Ag, Au, Cu, Bi, Pb, Fe, etc., and they are never the 
same elements as those in the first group. How were 
their atomic weights determined? The second column 
suggested above, the gaseous compounds used in the 
atomic weight determinations, is never given. The 
reason for this is that the atomic weights of the elements 
in the second table were not determined by Cannizzaran 
methods at all, but either by entirely different methods 
or by the use of Dulong and Petit’s law. Thus this 
extraordinary law is used to prove itself! 

In some textbooks the gap between Cannizzaro and 
Dulong and Petit’s law is quite explicit. Thus ‘The 
problem of finding the relative weights of the atoms 
remained unsolved for 52 years after the formulation 
of Dalton’s atomic theory in 1808,” and then later in 


ANTHONY STANDEN 
The Interscience Encyclopedia, Brooklyn, New York 


the same book “In 1819 Dulong and Petit pointed out 
that the product of the atomic weight and the specific 
heat of an element in the solid state is approximately 
equal to a constant.” How could they have done this 
in any other way than pure prophecy? Since there 
may be even students who notice this remarkable dis- 
crepancy, one would have thought that the telltale 
dates would have been prudently concealed. 

Here is an attempt to deduce Dulong and Petit’s 
law from atomic weight determinations on some ele- 
ments which have readily available gaseous compounds. 


Element Atomic weight Specific heat Product 
H 1.008 3.9 3.92 
Cl 35.46 0.08 2.85 
O 16.00 0.24 3.88 . 
N 14.01 0.23 3.27 
Is 31.0 0.19 5.78 
C 12.0 0.17 2.0 
B 10.8 0.31 3.31 
Si 28.06 0.17 4.7 
8 32.06 0.18 5.7 
As 74.9 0.078 5.84 
Se 79.0 0.072 5.7 


It will be seen that there is no trace of Dulong and 
Petit’s famous law. 

Now anyone who knows all the answers can easily 
say ‘Oh, but the permanent gases should have been 
cooled way below ordinary temperatures, solidified in - 
fact, and the remaining ‘exceptions’ should have been 
heated up several hundred degrees.” But this is hind- 
sight, which is much easier than foresight. It would 
be quite easy to prove that “‘All gases have the same 
density” by choosing conditions of measurement no 
further apart than this. We are trying to show how 
Dulong and Petit’s law was deduced, or at least how it 
could have been deduced. If we cannot deduce it, then 
we shall have to determine the atomic weights of the 
metals somehow; we cannot leave so large a group of 
elements dangling, as it were, from a sky hook. Nor 
is any solid support placed under the sky hook by the 
introduction, at this point, of modern physical methods, 
such as the mass spectrograph. In comparing, say, 
magnesium and hydrogen in this apparatus, lines are 
obtained corresponding to two sorts of particles, one 
about 24 times as heavy as the other. But how do we 
know that these particles are singly charged atoms of 
magnesium and hydrogen and not something else? 
Only by knowing, beforehand, that the atomic weight of 
magnesium is 24, and not 12, and how did we know 
that? 

There are two steps in an atomic weight determina- 
tion. The first is the determination of the equivalent 
weight. This is a pure experimental determination 
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involving the analysis of a compound of the element, 
either with oxygen or with some element whose equiva- 
lent weight is known. The second step is the selection, 
in the light of further experimental evidence, of a mul- 
tiple of the equivalent weight, which is the atomic 
weight. The multiplier used is called the ‘‘valence,”’ 
and it can be seen that it is equal to the number of 
“hooks” or “linkages” that the atom must be supposed 
to use. Most textbooks refrain from using the word 
“valence” at this point, but introduce it a chapter. or 
two later. This is on account of the historical accident 
that the word ‘‘valence”’ was not used until 1852. But 
the concept of valence must have been present in the 
mind of whoever it was that first suggested that the 
atomic weight of oxygen might be 16 and not 8, for this 
necessarily implies that an atom of oxygen can unite 
with two atoms of hydrogen, and the fact that there 
are such things as equivalent weights (the so-called 
law of reciprocal proportions) shows that there is a 
considerable degree of constancy, from one compound 
to another, of the number of ‘‘hooks” used by an atom. 
The fact that the word ‘‘valence,” and perhaps even 
the full realization of the concept, was not developed 
until much later is no excuse for not bringing in the 
word and the concept here, where they logically belong. 
There is no reason why chemical education should re- 
trace the tortuous steps of chemical history. (Valence, 
of course, is an Expanding Concept, like “‘acid” or 
“oxidation.”’ The word is here being used in its original 
core meaning, which applies only to binary compounds. 
It is only by an extension of the meaning that we can 
speak of the valence of, say, Mn in KMnQ,. 

In all atomic weight determinations, these two steps, 
_ the determination of the equivalent weight and the se- 
lection of the valence, are present. In some methods 
of atomic-weight determination the prior determina- 
tion of the equivalent weight is easily lost sight of, but 
it is always there. Thus, in the classical determination 
of the atomic weights of H, O, and Cl, the experimental 
data required are the relative densities and the combin- 
ing volumes of the gases. From these data the equiva- 
lent weights follow immediately, without the use of any 
theory whatever. Then, assuming Avogadro’s hy- 
pothesis and entering upon a chain of theoretical reason- 
ing, we arrive at a representation of the molecule of 
water and of hydrogen chloride, thence the valence of 
the elements, and thence their atomic weights. In the 
method which depends upon determinations of the 
analyses and vapor densities of a number of gaseous 
compounds of the element, the analyses alone yield 
values for the equivalent weights. In the method 
which depends upon Dulong and Petit’s law, the prior 
determination of the equivalent weight is quite explicit. 

The two stages in atomic weight determination are 
very different. The equivalent weight of an element 
can never be altered, although it can be determined with 
ever-increasing precision. The atomic weights of ele- 
ments can be altered, and have been altered, many 
times. Mendeleeff boldly altered several of them, in 


order to make them fit his theory. He could not possibly 
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do that to an equivalent weight. The great atomic 
weight determiners, such as Richards and Hénigschmid, 
in reality determined equivalent weights—that is to 
say, they concentrated their attention on stage (1) of 
atomic weight determinations, because stage (2), the 
selection of the valence, bad already been decided to 
everybody’s satisfaction. The determination of equiva- 
lent weights does not present difficulties other than 
those that arise in the mechanics of experimentation. 
The real difficulties, the intellectual difficulties, only 
arise in step (2) of atomic weight determinations. 

In the history of atomic weight determinations (which 
is not quite the same as the history of equivalent weight 
determinations) Cannizzaro did not speak the first 
word. Instead he spoke the last word. In his time 
most of the atomic weights were accepted at values not 
far from the present ones; his work cleared up the last 
remaining difficulties, one of the most troublesome of 
which was whether oxygen was 8 or 16. Now, if some- 
one can genuinely deduce Dulong and Petit’s law from 
atomic weights deduced by Cannizzaran methods, then 
we do not need to bother further, in chemical education, 
about the first half of the 19th century, and we can 
leave out the whole uncomfortable period from Dalton 
to Cannizzaro. But if this cannot be done, and it is 
far from easy, then in order to obtain the atomic weights 
of the metals, we shall be forced to pay some attention 
to pre-Cannizzaran methods. 

In Dulong and Petit’s time, the equivalent weights 
were known with a moderate degree of precision. The 
problem was to find the multiplier, equal to the valence, 
that gives the atomic weight. One such method avail- 
able to Dulong and Petit is absurdly easy; it depends 
upon the obvious fact that if an element has two equiva- 
lent weights, then its atomic weight must be a multiple 
of both‘of them. Thus, iron has the equivalent weights 
27.92 and 18.62 in ferrous and ferric compounds. From 
this, its atomic weight must be either 55.85, and its 
valences 2 and 3, or else 111.7, and the valences 4 and 6 
or higher multiples. It is true there is an ambiguity in 
this method, but so there is in all methods. The 
Cannizzaro analysis only shows that there must be at 
least two atoms of chlorine in the molecule; there 
might be four, or six. Vapor density determinations 
on a number of carbon compounds rule out the possi- 
bility of the atomic weight’s being 24, but it still might 
be 6; the method based on Dulong and Petit’s law 
appears to give a univocal answer, but actually it has 
all the ambiguity of the determinations the law is based 
on. The method just illustrated for iron is applicable 
to any element that has more than one valence. It is 
by far the most straightforward of all methods of atomic 
weight determination, and it can easily be understood 
as soon as the relationship between atomic weight and 
equivalent weight is grasped. 

Another method which was, historically, extremely 
useful is based on isomorphism. Thus, for example, 
the atomic weight of'silver was reduced from 215.8 to 
107.9 in order to account for the isomorphism of silver 
sulfide with cuprous sulfide. 
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The student of the history of chemistry might pos- 
sibly find several other methods of atomic weight deter- 
mination of equal validity with all the foregoing and 
just as useful for deducing the atomic weights of the 
metals from experiment. But since we are not bound, 
in teaching, by the mistakes and uncertainties of the 
past, we can look on this side of Cannizzaro, as well as 
before his time; for example, the Hardy-Schulze law 


HEAP oxygen is coming soon. Wartime advances in the 
separation of oxygen from the atmosphere have appreciably 
reduced costs. The new methods, furthermore, make possible 
the design of simple plants which may be small enough for indus- 
trial consumers to operate, or, alternatively, large enough for 
process uses on a scale never before seriously considered. One 
company has a gigantic plant under construction, another com- 
pany offers to lease small plants to supply individual factories 
or oxygen dealers, still another is designing a small plant for 
sale, and a construction company offers to build large plants to 
supply oxygen for consumption in industrial processes, where 
the volumes used might outstrip anything heretofore considered. 
Oxygen has commonly been made by compressing air to about 
3000 pounds per square inch, chemically removing impurities, 
such as carbon dioxide and water vapor, and, after it has been 
cooled in a heat exchanger, allowing it to expand through an 
orifice. The liquid air resulting from the cooling effect of this 
expansion is distilled to separate the oxygen from the nitrogen. 
The oxygen is then again compressed and run into the familiar 
yellow or green cylinders in which it is sold. Since the cylinders 
are heavy and expensive to ship, oxygen plants must now be 
located in each industrial center. Shortly before the war, liquid 
oxygen was being sold to large users in insulated tank cars and 
tank trucks. This method avoided the final compression and 
the expensive cylinders and permitted relatively long-distance 
shipment from large central plants to the various industrial 
centers requiring oxygen. 

A leading use of oxygen is in clearing up the surface of steel 
before rolling, to avoid imperfections in the finished article. 
Large quantities are also used for welding and especially for 
cutting, since the flame burns through the metal easily. Among 
the other uses for the oxyacetylene flame are the heat hardening 
of metals and removal of scale from steel in process. Production 
of oxygen in the United States in 1939 was 4.6 billion cubic feet, 
valued at $24,000,000; during the war it was greatly increased 
to supply the metal-working industries, especially for the tre- 
mendous shipbuilding activity; now it is said to be a $100,000,600 
a year business. 

The armed services needed oxygen in the field for repair work 
and use in high-altitude aircraft. Since cylinders were not 
desirable for exporting oxygen, research on the development of a 
small, preferably portable, oxygen generator was initiated. 
This program led to three improvements which taken together 
went beyond the original objectives. One is a heat exchanger in 
which the cold waste nitrogen cools the incoming air and freezes 
out the impurities. To avoid plugging, the channels of the ex- 
changer are so arranged that nitrogen can be switched into the 
channel containing the ice and solid carbon dioxide, where it 
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could be used very neatly to justify an atomic weight 
determination. By these methods, or others which 
may suggest themselves to ingenious chemists, it should 
be easily possible to present an account of how atomic 
weights actually could have been determined. The 
present account is neither historically true nor even 
logically possible. It is nothing better than a fairy 
story. 


evaporates them and exhausts them to the atmosphere. In- 
coming air is then switched into the cleaned channel and the 
cycle continues automatically. 

A second improvement is a new pump which increases the 
pressure of the liquid oxygen so that it exhausts from the system 
as a gas at high pressure directly into cylinders. The third and 
probably most important development is a low-pressure cycle. 
Air at as low as 90 pounds pressure, cooled in the reversing heat 
exchangers, is expanded through a new reciprocating engine or a 
turbine of the type first identified with the name of the Russian 
scientist, Kapitza, to produce refrigeration necessary for lique- 
faction. Oxygen is then obtained by fractional distillation of the 
liquid air to any desired purity. Oxygen generators employing 
the low-pressure cycle and weighing as little as 150 pounds can 
even be used aboard an airplane to supply breathing oxygen for 
personnel on high-altitude flights. 

The price of oxygen now depends on the volume consumed— 
a user of tank-car quantities may pay some 30 to 40 cents for 
100 cubic feet, with some reduction in special circumstances. 
It is estimated that a consumer could operate a low-pressure 
generator at an estimated cost of, roughly, two cents to four 
cents for 100 cubic feet; this figure includes labor and amortiza- 
tion. These estimates have not been proved in commercial 
practice, but a considerable advantage over conventional methods 
of oxygen generation seems assured. 

At the other end of the scale is a tremendous plant designed to 
supply oxygen for reaction with natural gas at Brownsville, 
Texas, for production of synthetic gasoline. , Its daily output of 
40,000,000 cubic feet almost equals that of all 268 United States 
plants in 1943. The cost here is estimated at 0.48 cent for 100 
cubic feet; this low cost is based in part on the use, at no charge, 
of by-product power resulting from other phases of the synthetic 
gasoline process. 

Another possible outlet for cheap oxygen is the conversion of 
coal to manufactured gas. It has been estimated that such gas 
could be produced at the mine and delivered by pipe line to 
Eastern industrial centers at a price competitive with natural 
gas. Underground gasification of the coal, to avoid mining, has 
even been proposed. Tests showing this method to be economical 
have been reported from the Soviet Union, but it has not been 
tested in competition with the mechanized methods of mining 
employed in the United States. Still another important possi- 
bility is the use of oxygen or oxygen-enriched air instead of air 
in blast furnaces. In open hearths for steel making, oxygen- 
enrichment of the air to achieve higher temperatures is already 
a means of shortening the over-all cycle by reducing the time 
necessary for melting down scrap.—From the Industrial Bulletin 
of the Arthur D. Little Company (November, 1946). 





Apprrion products of metallic salts with heterocyclic 
compounds like dioxane, C,H,O.2, and dithiane, C,H3S., 
have been studied in recent years.*® Of these, the com- 
pound HgCl,-C,Hs&; is distinguished by its slight solu- 
bility in water. From dilute solutions of mercuric chlo- 
ride dithiane precipitates shining, colorless, plate-like 
crystals; from more concentrated solutions, the precipi- 
tate is white and without luster. 

Although several other common metals form similar 
compounds, these compounds are not precipitated from 
aqueous solution of the concentrations ordinarily met 
with in inorganic analytical work. This fact suggests 
the possibility of specifically precipitating mercury in 
this form. This investigation was carried out to deter- 
mine whether dithiane can be used satisfactorily as a 
specific reagent for the detection and the determination 
of mercuric mercury in the presence of other common 
ions., The results indicate that, within certain limits, 
dithiane is very satisfactory for this purpose. 


PREPARATION OF THE REAGENT 


Dithiane was prepared by the method developed by 
Bouknight and Smith.’ Their brief instructions are 
repeated here, with comments, since dithiane is not 
available on the market at present. 


Twenty grams of pulverized sodium hydroxide in 50 ml. of 
absolute alcohol was treated with hydrogen sulfide until the 
sodium sulfide initially formed redissolved. A mixture of 20 g. 
of pulverized sodium hydroxide and 84.6 g. of ethylene bromide in 
150 ml. of absolute alcohol was added in small portions with 
shaking. The mixture was cooled and reconnected to the hy- 
drogen sulfide generator for about three hours. A small amount 
of solid sodium hydroxide was added and the dithiane distilled 
with steam: best yield obtained, 45 per cent of the theoretical; 
m. p., 110-111. 


2NaOH + HS — NaS + 2H:0 
NasS + HS —~ 2NaHS 
vests 


2NaHS + 2CH,BrCH;Br > 2NaBr + sx 
CH,—CH; 


Successful preparation of the sodium bisulfide in the 
initial step depends upon using very finely pulverized 





1 From a report submitted by Robert M. Jackman on Number 
6 in a series of chemical investigations conducted by Adrian Col- 
lege senior students. 

2 Present address: Hiram College, Hiram, Ohio. 

8 Present address: Anderson Laboratories, Inc., Adrian, Michi- 
gan. 

4 RHerNsoipt, H., A. LuyKen, AND. H. Scumrrrman, J. prakt. 
Chem., 149, 30-44 (1937). 

5’ Bouxnicut, J. W., anp G. McP. Smrru, J. Am. Chem. Soc., 
61, 28-30 (1939). 
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PRECIPITATION OF MERCURIC CHLORIDE 
WITH DITHIANE' 


JAMES B. SCHROYER?’ 
and ROBERT M. JACKMAN: 
Adrian College, Adrian, Michigan 


sodium hydroxide and a plentiful supply of hydrogen 
sulfide. To prevent premature reaction between the 
sodium hydroxide and the ethylene bromide (see second 
step described above), the absolute alcohol and ethylene 
bromide were mixed in small portions and thoroughly 
chilled. The pulverized sodium hydroxide was added 
to the chilled mixture just before addition to the sodium 
bisulfide solution. Bouknight and Smith’s instructions 
produce from 8 to 10 grams of dithiane. A batch three 
or four times as large may be successfully prepared by 
appropriate changes. Our average yield was 32 per 
cent, m. p. 109-110.5°. The reagent used in precipita- 
tion of mercury was a 2 per cent solution of dithiane in 
95 per cent ethyl alcohol. 


SPECIFIC NATURE OF THE REAGENT 


The dithiane reagent was tested with 63 “unknown” 
solutions which had been prepared for a course in quali- 
tative analysis. These solutions contained all the com- 
mon positive ions in concentrations from 5 to 200 mg. 
per ml. In each case hydrochloric acid was added to 
make possible the presence of mercuric chloride and to 
provide the optimum conditions for precipitation (see 
Tables 3 and 4). This treatment, of course, removed the 
ions of silver and mercurous mercury, together with 
much lead. The filtrate or centrifugate was then tested 
with dithiane solution. In all cases where mercuric 
mercury was present it was precipitated at once as the 
white HgCl,-C,H;S2. No precipitate was produced in 
any case where mercuric mercury was absent. Selected 
typical cases are shown in Table 1. Numbers within the 
table indicate concentrations of the ions in mg. per ml. 

After the insoluble chlorides of the Group I metals 
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were removed, the only interference encountered in a 
chloride solution was due to large concentrations of cop- 
per. Copper without mercury is not precipitated by di- 
thiane, but large concentrations of copper give a pink 
color to the mercuric chloride-dithiane precipitate. 
This interference due to copper is minimized by low 
hydrochloric acid concentrations. Quantitative study 
of the worst case encountered showed the presence of 
0.6 mg. precipitated with 100 mg. of mercury. 

Several other positive ions not ordinarily included in 
courses in qualitative analysis were tested separately 
with the dithiane reagent. Platinum and palladium 
gave yellow precipitates from a chloride solution. Ce- 
rium, lithium, titanium, and uranium gave no reaction. 

Mercuric sulfate gives a white precipitate of moderate 
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insolubility with dithiane; the absence of sulfates is 
then necessary in any quantitative applications. 

Dithiane solution was used with success to detect 
mercuric mercury in concentrations as low as 9.01 mg. 
per ml. The small, glittering precipitate may be con- 
centrated by centrifuging and converted with sodium 
hydroxide to the yellow mercuric oxide. Mercury may 
also be confirmed by dissolving the dithianate in hot 
alcohol and precipitating it with hydrogen sulfide. 

All the precipitations carried out in this investigation 
were made at room temperature. Addition of the di- 
thiane reagent introduces alcohol into the solution, and 
the dithianates are moderately soluble in this.. 


COMPOSITION AND STABILITY OF THE PRECIPITATE 


The mercuric chloride-dithianate precipitate was ana- 
lyzed by the precipitation of mercuric sulfide from 
hot alcoholic solution. Calculated for HgCl.-C,Hs8:: 
51.9 per cent Hg. Found: 51.43, 51.79. 

Twenty known weights of mercury (from 4 carefully 
analyzed standard solution of mercuric chloride) were 
precipitated with dithiane and dried at room tempera- 
ture and at temperatures from 90° to 110° for periods 
of time from one to five hours. Results indicate that 
a precipitate of reasonable size (from 100 mg. of mer- 
cury, for example) can be dried without serious loss for 
two hours at 100°. This is surprising considering the 
nature of the precipitate. Some selected results are 
shown in Table 2. All precipitates were collected and 
weighed in porous porcelain filtering crucibles. 


CONDITIONS FOR PRECIPITATION 


For the quantitative determination of mercury with 
dithiane the mercury must be in the form of mercuric 
chloride. If mercurous mercury is to be included, it 
must be oxidized prior to the addition of hydrochloric 
acid. Silver, mercurous, and many lead ions will be ab- 
sent. If a large amount of antimony is present, the 
determination of mercury will be rendered inconvenient 
by the precipitation of the basic chloride. Tables 3 and 
















TABLE 2 
Time of Drying Mercury Mercury Mercury 
drying, temperature, present, recovered, error, 
hours "oy mg. mg. meg. 

24 25 50.0 42.5 —7.5 
24 25 100.0 102.0 +2.0 
24 25 150.0 152.2 +2.2 
24 25 300.0 297.3 —2.7 
1 110 10.0 9.3 —0.7 

1 110 25.0 19.3 —5.7 

1 110 75.0 78.9 +3.9 

1 110 125.0 124.1 —0.9 

1 110 175.0 174.2 —0.8 

1 110 250.0 248.7 —-1.3 

2 100 50.0 48.7 -1.3 

2 100 100.0 99.7 —-0.3 

2 100 150.0 148.6 —1.4 

2 100 200.0 198.9 -—1.1 

2 100 300.0 298.7 —-1.3 

3 90 10.0 8.9 -1.1 

3 90 25.0 24.9 -0.1 

3 90 125.0 124.2 —-0.8 

3 90 175.0 174.3 -0.7 

3 90 250.0 249.5 —-0.5 





4 indicate that best results are obtained when the solu- 
tion is from 0.1 to 0.2 normal with respect to hydrochlo- 
ric acid. In addition, the interference caused by large 
concentrations of copper, referred to above, is en- 
hanced by higher acid concentrations. 

Addition of too great an excess of dithiane solution 
should be avoided since dithiane is sparingly soluble in 
low concentrations of alcohol. Up to 50 per cent excess 
dithiane was used in solutions containing 200 mg. of 
mercury without excessive error. 

Although not essential to secure accurate results, a 
drop of 10 per cent “Dreft”’ solution will release the 
small amount of precipitate held by surface tension and 
will thus facilitate washing. No error seems to be in- 
troduced by this-procedure. 

In certain cases the preciptation of the mercuric 
chloride-dithianate is slow, so the filtering should not 
be attempted too soon. Usually the operator can tell 
at once: precipitation which begins immediately is soon 
complete; when precipitation begins slowly, do not 
filter for 24 hours. 





TABLE 1° 








Ions 


present 1901 1013 1104 1108 1802 1804 


Identification number of ‘‘unknown”’ 





1806 1813 1406 1904 1903 1905 2001 





Hgtt 5 20 5 
Hg2t+ 5 5 
Pbtt 200 5 5 
Agt 200 5 
Bit+++ 200 20 5 
Gat* 
Cd t+ 5 20 
Al*+++ 10 40 
Fett++ 
Crtt+t 
Cott 
Nitt 5 


200 
200 


Mntt 
Zn*++* 5 5 
Ba*t 20 . 

Ca** 
Mg*+ 
eee. 80 
Sntt 
Snt++++ , 
Sbtt+t 


Results + - + - + - 
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TABLE 3 


Errect or Actip NORMALITY UPON QUALITATIVE DETECTION OF MERCURY 
(0.05 Mc. PER ML.) 





0.04 0.06 0.08 0.10 0.30 0.50 0.70 0.90 


Normality of HCl 
Fair Fair Good Good Good Fair Poor Poor 


Observed precipitation 














TABLE 4 
Errect or Acrp NORMALITY UPON QUANTITATIVE DETERMINATION OF 
MERCURY 
Mercury Mercury 
Normality present, recovered, 
of HCl mg. mg. 
0.0 100.0 97.9 
0.05 100.0 100.0 
0.1 100.0 100.1 
0.15 100.0 100.1 
0.20 100.0 99.6 
0.25 100.0 99.9 





PROCEDURE FOR DETERMINATION OF MERCURY 


A sample containing from 50 to 100 mg. of mercury is 
put in solution in some suitable way. Sulfate ion is to 
be avoided. Oxidize the mercury if necessary or de- 
sired. The solution is neutralized with ammonium hy- 
droxide and hydrochloric acid. Silver and lead chlo- 
rides, if present, are removed by filtration. To the 
filtrate sufficient hydrochloric acid is added to make the 
solution about 0.2 normal with acid when diluted to 100 
ml, The solution is diluted to about 85 ml., and about 
30 per cent excess of dithiane reagent is added. This 
will normally give a total volume of about 100 ml. The 
precipitate is allowed to stand 24 hours, if deemed nec- 
essary, and then collected in a filtering crucible. Wash- 
ing is done with water. The precipitate is dried for 
two hours at 100° and weighed as HgCl,-C,HsS., con- 
taining 51.19 per cent mercury. 


APPLICATIONS, RESULTS, AND SUMMARY 


Available time limited the application of this method 
of analysis to five samples. These samples varied from 


POOLED ABILITIES 


That 99 per cent of today’s progress in science is the result of organic research, 
rather than the work of independent geniuses working alone in attic or cellar, seems at 
first an ominous blow at our cult of individualism. For example, such advances as the 
development of electronics through research cannot be attributed to any one scientist. 
They occur only when many men have the courage and confidence to pool their abilities. 

De Tocqueville, writing a century ago, stated the case well: 
to demonstrate for himself all the truths of which he makes daily use . . 
haust his strength in preparatory demonstrations without ever advancing beyond them. 
As, from the shortness of his life, he has not the time, nor, from the limits of his intelli- 
gence, the capacity to act in this way, he is reduced to take on trust a host of facts and 
opinions which he has not had either the time or the power to verify for himself... . 
On this groundwork he raises for himself the structure of his own thoughts. ... 


is no philosopher in the world so great but that he believes a million things on the faith 
of other people and accepts a great many more truths than he demonstrates.”’ 

Individual genius is revealed, not so much in being independent with respect to 
what other men have done, but in the ability to see new significance, new possibilities, 
new values in what others have already contributed to the scientific pool. In short, to 
proceed from where they left off.—From The Research Viewpoint. 


TABLE 5 





Time allowed Mercury content Mercury content 
for precipita- by other methods by dithiane method, 


*- 
Nature of sample tion, hours per cent per cent 





K2Hg(CNS)s 24 41.36 39.26 
ZnHg(CNS)« 24 40.23 40.21 
Cinnabar 15 49 .19 47 .17 
Cinnabar 36 49.19 49.87 
Dental amalgam 24 71.0 70.65 
An alloy 24 0.57 0.51 





water-soluble salts to a sample of dental amalgam, as 
shown in Table 5. 

The first sample, K,Hg(CNS),, was afterward shown 
to be a heterogeneous sample. The two results for cin- 
nabar show the importance of allowing the precipitat- 
ing solution to stand a sufficient time. The alloy had 
the following percentage composition: silver 1.41, lead 
75.12, mercury 0.57, bismuth 3.00, antimony 14.88, tin 
4.97, with a trace of aluminum. 

The results obtained in the cases listed above agree 
quite well with the results obtained when the filtrates 
from the merucy precipitate were checked colorimetr- 
cally for mercury. Using diphenylcarbazone as a re- 
agent, the filtrates were found to contain from 0.2 to 0.4 
mg. of mercury per 100 ml. 

This investigation suggests that dithiane may be used 
as a specific analytical reagent for mercuric mercury in 
the presence of the common positive ions. A concen- 
tration of mercury of 0.01 mg. per ml. is easily detect- 
able. The method is capable of about 0.2 to 0.3 per 
cent accuracy in the quantitative determination of mer- 
cury. The use of dithiane for the determination of small 
amounts of mercury is not very accurate. The chief 
value of the reagent is its specificity. 

Limitations of time have prevented us from deter- 
mining whether the presence of excess dithiane and 
alcohol in the filtrate have any adverse effect on the sub- 
sequent qualitative analysis. 
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In an excellent article on “Inorganic nitrosyl com- 
pounds” [J. Cuem. Epvuc., 23, 542-8 (1946)] I note 
that compounds of the type M™ (NO),A, have been 
omitted from consideration. 

The following ‘low-temperature’ compounds have 
been observed and are believed to represent this missing 
class. 

ON: BF;—This compound is prepared from NO and 
BF; gases in a sealed tube. It is a bright orange-colored 
solid melting at around —130°C. to a dark red-purple 
liquid. At —111°C. this liquid evaporates (decom- 
poses) to form a colorless mixture of the component 
gases. 

ON:BCl;—This compound may similarly be pre- 
pared from NO and BCI; gases. It is a purple solid 
which decomposes without melting, about —105°C., if 
warmed slowly. If the temperature is raised rapidly 
a liquid phase appears momentarily. It is possible that 
this may be a solution of the compound in BC]. 

There is evidence of another compound in the system 
BCl;—NO which is stable up to —17°C. When a mix- 
ture of the gases is cooled with dry ice, colorless, strongly 
birefringent crystals are deposited on the wall of the 
containing vessel. These crystals are well formed and 
exhibit parallel extinction. 

These compounds were encountered by Dr. D. Scott 
Sears and the writer in the course of a general survey of 
donor-acceptor systems, which was made at Cornell 
University under the direction of Professor A. W. Lau- 
bengayer. Although they are quite unstable, they are 
of theoretical interest in the study of nitrosyl systems. 
So far as is known, no quantitative investigation of these 
compounds has been made. 

Since the colors produced are both intense and strik- 
ing, the formation of these compounds might serve as a 
test for either nitric oxide or the boron halides. 

Gorpon R. Finuay 

Cuippawa, ONTARIO 


To the Editor: 

In presenting evidences for the existence of the posi- 
tive nitrosyl radical, NO+, in a recent publication [J. 
Cuem. Epuc., 23, 441 (1946)], some data given by W. 
R. Angus and A. H. Leckie |Trans. Faraday Soc., 31, 
958 (1935) ] were not included. From their paper, ar- 
guments for the existence of such a radical may be 
summarized as follows: (1) the ionization potential 


of the nitric oxide molecule is low (9.5 e. v.) in compari- 
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son with those of other similar diatomic molecules, mak- 
ing the removal of an electron comparatively easy; 
(2) both nitrosyl sulfuric acid and nitrosyl perchlorate 
exhibit Raman displacements in the vicinity of 2330 
em.—!, these displacements being considered as indica- 
tive of the presence of the NO+ group since they are 
comparable with that shown by the isoelectronic Ne 
molecule and since other observed Raman displace- 
ments for these compounds are characteristic of the 
HSO,~ and ClO,~ ions; (3) electrolysis of.a solution of 
nitrosyl sulfuric acid in concentrated sulfuric acid with 
an iron cathode and a platinum anode shows develop- 
ment of the characteristic brown of FeSO,.NO around 
the cathode, indicating migration of the nitrosyl group 
to the negative electrode; (4) both nitrosyl sulfuric 
acid and nitrosyl perchlorate yield conducting solutions 
in nitromethane and behave as binary electrolytes; 
and (5) salts of nitrosyl sulfuric acid cannot be pre- 
pared, indicating the nitrosyl group to be the positive 
ion in the compound. 

The omission of this paper from the original summary 
is unfortunate, and the author takes this opportunity 
of directing attention to it. 

THERALD MOELLER 


UnIversity oF ILLINOIS 
Ursana, ILLINOIS 


To the Editor: 

According to several personal communications re- 
ceived, the class experiment as described in the article 
“Demonstration of the existence of a free radical’’ is 
hampered by the fact that one of the materials recom- 
mended for the experiment is not commercially avail- 
able—namely, potassium phenanthyene quinone-3- 
sulfonate. This sulfonate was chosen, instead of the 
quinone itself, because of its greater solubility. A 
slight modification of the recipe circumvents the ne- 
cessity of the sulfonate compound and utilizes the qui- 
none itself which is commercially available. This is the 
recipe: 

Dissolve 4 milligrams of phenanthrene quinone in 25 
ml. of 95 per cent alcohol, add 20 ml. of aqueous normal 
sodium hydroxide solution, 50 ml. of distilled water, and 
1 gram of glucose. On standing, the color turns from 
very light yellow to dark brown, finally to yellow. On 
shaking, the process is reversed. 

L. MIcHAELIS 


RoOcKEFELLER INSTITUTE FOR MEpicaL RESEARCH 
New York City 


1 J. Cuem. Epuc., 23, 317 (1946). 











INDUSTRIAL CATALYSIS 


B. B. CORSON 
Mellon Institute, Pittsburgh, Pennsylvania 


(Continued from page 103) 


PHTHALIC ANHYDRIDE 


Phthalic anhydride is made by the catalytic oxida- 
tion of naphthalene by air over a vanadium pentoxide 
catalyst. It is used in the manufacture of plastics, and 
in 1945 its production. was 123,000,000 pounds. 
rf 
Ho/Nc/New 90) Ho/Sc/<? 

I | d O + 2CO, + 2H20 
ee a do at 4 Nil 

H H H 

Phthalic anhydride used to be manufactured in Ger- 
many by oxidizing naphthalene by hot sulfuric acid 
in the presence of mercury as catalyst. The story is 
that this catalytic reaction was accidently discovered 
when a careless laboratory assistant broke a ther- 
mometer in a batch of naphthalene that he was sul- 
fonating. A chemist should be careless sometimes, but 
not too often. 

The modern method of manufacturing phthalic an- 
hydride was discovered by Gibbs and Conover in 1916 
during World War I when our supply of imported 


—_—_— 





Oxidation of o-Xylene to Phthalic Anhydride Chemical 


Company) 


(Oronite 


phthalic anhydride was cut off. That was in the days 
when this country had no chemical industry and was 
dependent on Europe for all fine chemicals, drugs, and 
dyes. Those were the days when our undeveloped chemi- 
cal industry was typified by the manufacture of coke in 
the wasteful beehive oven and by the destructive distil- 
lation of beautiful lumber to make charcoal, acetic acid, 
and acetone. 

Gibbs and Conover worked in a Government color 
laboratory and their patent, which was issued in 1918, 
was the property of the people of the United States. 
After the war, a German chemist by the name of 
Wohl claimed that he invented the identical process 
about two months before Gibbs and Conover. There 
was a long patent suit and our courts finally, 16 years 
after the issuance of the United States patent to the 
American inventors, awarded the process to the Ger- 
man chemist, whose patent does not expire until August 
28, 1951, which is 33 years after the issuance of the 
original United States patent. 

The method consists in passing a mixture of naphtha- 
lene and air through a bed of vanadium pentoxide cata- 
lyst at about 400°C., whereby phthalic anhydride is ob- 
tained in 85 per cent yield and better. The old German 
process with sulfuric acid and mercury was messy and 
the yield was only 25 per cent. Moreover, the direc- 
tions in the German patent were incomplete, or pur- 
posely misleading, and useless in obtaining the claimed 
result. 

The air oxidation of naphthalene is very exothermic, 
and a special type of converter is used to keep the cata- 
lyst from burning up. The catalyst (e. g., vanadium 
pentoxide deposited on granular alundum) is packed in 
small, vertical, square tubes, immersed and cooled in 
boiling mercury. The tubes are three feet long and 
about one inch square, and there are 1000 of them per 
converter. The boiling point of the mercury is raised 
to the desired 400°C. by nitrogen pressure. 

Within the past year another type of catalyst tech- 
nique has been used for this reaction. A mixture of 
naphthalene vapor and air is blown through a hot bed of 
powdered vanadium pentoxide catalyst, and the speed 
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of the gas flow makes the bed of catalyst boil like a 
liquid, thereby obtaining intimate catalyst. The heat 
of oxidation reaction is removed by circulating the cata- 
lyst through a cooler. This fluid catalyst technique will 
be described in greater detail when we take up the crack- 
ing of petroleum. 

About two years ago, a plant was built in Richmond, 
California, to oxidize ortho-xylene to phthalic anhy- 


dride. This is the newest of the ten phthalic anhydride | 


plants operating in this country, and it is the only plant 
in the world which starts with ortho-xylene, or with 
anything besides naphthalene. It receives its ortho- 
xylene from a hydroforming unit which was built during 
World War II to produce toluene from petroleum. 

The growth in the manufacture of phthalic anhydride 
by the vapor-phase oxidation of naphthalene and the 
fall in the price of the product are interesting and typi- 
cal of successful chemical processes. In 1917, the first 
production year, 140,000 pounds were manufactured 
and the price was $4.23 per pound; in 1920, 800,000 
pounds were produced; in 1930, 6,700,000 pounds; 
in 1940, 58,000,000 pounds; in 1945, 123,000,000 
pounds and the price was 12.5 cents per pound. During 
28 years the production jumped 880-fold and the price 
dropped from $4.23 to 12.5 cents per pound. 


GASOLINE 


Until 15 years ago there was no catalysis in petroleum 
technology, whereas today the production of gasoline 
is largely catalytic chemistry. From 1860 to 1917 the 
main operation in petroleum technology was the dis- 
tillation of crude oil. From 1860 to 1905 the desired 
product was kerosene for the lamps of China and the 
rest of the world; from 1905 onward the prime object 
was gasoline for automobiles. In 1917, simultaneous 
with the increased demand of World War I for gasoline, 
a new art came into the petroleum industry—namely, 
cracking—which is the controlled decomposition by 
heat of the large hydrocarbon molecules of crude oil into 
smaller molecules suitable for gasoline. 

For about 20 years cracking was accomplished by 
heating the crude oil above its decomposition tempera- 
ture and controlling the time-temperature-pressure 
conditions so as to produce the desired type of decom- 
position. Within the last ten years catalytic cracking 
has become increasingly important because cat cracking 
gives a better gasoline than noncatalytic cracking. 

Before the advent of cracking, which the petroleum 
chemists describe as B.c., the yield of gasoline was the 
relatively small amount of low-boiling hydrocarbons 
which was naturally present in crude oil, and the octane 
number of this straight run gasoline was low, about 40 to 
60. No modern automobile could run on this gasoline. 
Cracking doubled the yield of gasoline, and it also 
raised its octane number, due to the production of un- 
saturated and branched chain hydrocarbons. 

The chemical reactions involved in eracking are le- 
gion. The large molecules of crude oil, which are too 
high-boiling to be any good for gasoline, break ‘up in 
various manners to form smaller hydrocarbon mole- 
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cules which are sufficiently volatile to be used as gaso- 


line. Disproportionation, illustrated by the decompo- 
sition of a paraffin molecule to form two smaller mole- 
cules, one being a paraffin, the other an olefin, is an 
important reaction. 


CoH paar CroH 22 + CioH 29 


Aromatic hydrocarbons with side chains split off their 
side chains, 


CsHs—C;H; > CcHs + CrHs 


and hydrogenated aromatics (naphthenes) lose hydro- 
gens to form aromatic hydrocarbons. 


CoH > CoHs + 3H: 


The broken molecules aiso rearrange to form different 
isomeric structures. It is a free-for-all, but the result 
is excellent gasoline. 

One type of catalytic cracking consists in pumping 
crude oil through a bed of granular alumina-silica cata- 
lyst which is contained in a steel tube heated by molten 
salt to about 450°C. Crude oil is pumped through the 
catalyst bed for ten minutes and then shut off while the 
catalyst is regenerated by burning off the carbonaceous 
deposit which builds up and deactivates the catalyst. 
After the catalyst has been burned free of carbon, crude 
oil is again pumped through the catalyst for the crack- 
ing reaction. An example of the complete cycle is ten 
minutes on stream (i. e., the catalytic cracking of crude 
oil), five minutes of purge with nitrogen, ten minutes of 
regeneration with air, five minutes of purge, then back 
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on stream again. These cycles are repeated thousands 
of times, and the complicated opening and closing of the 
proper valves is automatically operated by a timing 
mechanism. These short cycles maintain the catalyst 
at high activity because the deactivating layer of car- 
bonaceous material is not allowed to accumulate. 

The formation of high molecular weight carbonaceous 
material accompanies many catalytic organic reactions. 
The material looks like coke or soot, and it coats the 
surface and plugs the pores of the catalyst so that the 
reactant molecules cannot get at the catalytic surfaces. 
Carbonization of the catalyst is rapid in the cracking re- 
action, and the activity of the catalyst must be main- 
tained by cyclic regeneration. In high-temperature 
oxidation reactions, such as that of naphthalene to 
phthalic anhydride by means of a vanadium pentoxide 
catalyst, there is no poisoning of the catalyst by car- 
bonization because the reaction takes place in the pres- 
ence of excess oxygen which keeps the catalyst continu- 
ously burned free of carbon. 

A relatively new petroleum process is catalytic crack- 
ing by fluid catalyst. Hot petroleum vapor is blown 
through a “dancing bed” of finely powdered clay, 
natural or synthetic. The bed boils like a liquid as the 
gas bubbles through it. Issuing from the bed, the 
cracked petroleum vapor is cleaned from entrained dust 
by a cyclone separator and passes into a distilling col- 
umn which removes the gasoline fraction. Mean- 
while the catalyst bed is constantly fed with regener- 
ated catalyst which is carried by the stream of hot 
petroleum vapor to be cracked, and used catalyst drains 
from the bottom of the bed into a stream of air which 
carries it up to a regenerator bin where carbon is burned 
from it by the air. Hot regenerated catalyst flows by 
gravity into a stream of hot liquid petroleum which is 
being pumped to the reactor. The hot catalyst vapor- 
izes the oil and heats the vapor to the reaction tempera- 
ture of 450°C. and is blown by the vapor into the reac- 
tor. The secret of the process is that the catalyst is 


so finely divided that it becomes fluidized when a gas is ° 


blown into it, and behaves like a liquid, flowing from 
reactor to regenerator and back, ad infinitum, propelled 
by streams of various gases—petroleum vapor, steam, 
and air. The petroleum technologists speak of dense 
phase catalyst in the reactor and regenerator where the 
gas flow is slow, and of dilute phase catalyst in the 
carrier lines, where the gas flow is rapid. The recent 
war gave considerable impetus to this new type of 
catalytic cracking because the product is excellent 
aviation gasoline. 

Beginning around 1930 the American petroleum in- 
dustry started to apply catalysis to its operations, and 
it is now more highly catalyzed than the chemical in- 
dustry itself. The fact is that the petroleum industry is 
fast becoming a chemical industry, and it is a far cry 
from the old days of 20 years ago when the petroleum 
men merely pumped and distilled and sold products fit 
only for burning; now they manufacture such diverse 
products as glycerin, methyl alcohol, toluene, phthalic 
anhydride, and rubber. 


JOURNAL OF CHEMICAL EDUCATION 


FISCHER-TROPSCH SYNTHESIS OF GASOLINE 


The Germans had no petroleum resources and there- 
fore in time of war had to be prepared to manufacture 
their gasoline, lubricating oil, and diesel fuel. They had 
two catalytic processes, the Fischer-Tropsch and Ber- 
gius processes. With characteristic poor judgment, 
they started a modern motorized war and invited the 
United States, the discoverer and world’s foremost ex- 
ponent of motorization, to take part. 

The starting material for the Fischer-Tropsch syn- 
thesis is a mixture of carbon monoxide and hydrogen. 
Ordinarily, when a mixture of carbon monoxide and 
hydrogen is passed over a hydrogenating catalyst, which 
the Fischer-Tropsch catalyst is, the carbon monoxide 
is hydrogenated almost completely to methane and 
water. But it has been known for many years that 
some higher hydrocarbons are also formed, especially 
when the reaction is run under super-atmospheric 
pressure. The discovery of Franz Fischer and Hans 
Tropsch in 1923 was how to increase the amount of 
higher hydrocarbons and decrease the amount of meth- 
ane. By suitable choice of conditions they were able 
to convert a mixture of the two gases, carbon monoxide 
and hydrogen, to liquid and solid hydrocarbons. The 
liquid product, as formed, is worthless as gasoline be- 
cause its octane number is only 30. Ordinary gasoline 
in this country has an octane number of 70, and the oc- 
tane number of aviation gasoline is 100 and higher. 
However, by cracking and reforming, Fischer-Tropsch 
liquid product could finally be converted into satis- 
factory gasoline. 

The Germans stayed with the Fischer-Tropsch proc- 
ess and studied hard, because a war-minded country 
just has’ to have a supply of gasoline in this gasoline 
age. By 1933 the Germans were manufacturing 7000 
barrels of gasoline per year, and by 1939, when they at- 
tacked Poland, they were producing 7,000,000 barrels 
per year. Incidentally, our peace-time production of 
gasoline in that same year was 700,000,000 barrels. 

A simple explanation of the Fischer-Tropsch synthe- 
sis is that carbon monoxide is first hydrogenated to the 
more or less mythical olefin, CH:, which is called 
methylene. This olefin polymerizes to polymethylene 
(CHe),, which is also an olefin, and this unsaturated 
hydrocarbon is hydrogenated to C,H2,+2, which is a 
paraffin hydrocarbon. 


nCO fb 2n H: <> (CHe) n oo nH,O 
(CHe) n + Hz a CrHen+e 


Actually the mechanism is much more complicated 
and probably involves the formation of intermediate 
metallic carbides. } 

Gasoline made by the Fischer-Tropsch process from 
coal, e. g., from water gas derived from coal, would 
cost from 12 to 18 cents per gallon to manufacture, 
whereas the manufacturing cost of gasoline from pe- 
troleum is only five cents per gallon. Evidently the 
price gets lifted a bit before we get the gasoline into our 
automobiles. Therefore, the Fischer-Tropsch process 
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as operated in Germany was only a war-time expedient 
for @ petroleum-poor country. However, our under- 


there- ground supply of petroleum is diminishing. Perhaps in 
inane our lifetime it will cease to be important. Certainly 
_ our children will see it disappear. Therefore, research 
» T= B nust be done in this country on the Fischer-Tropsch 
ae and similar processes. There is a possibility that syn- 
ad the thesis gas (carbon monoxide plus hydrogen) from the 
st ex. decomposition of methane can be processed by the 
Fischer-Tropsch synthesis to make gasoline that can 
_ SYD Et compete with five-cent gasoline from crude oil. 
gen. I There were three modifications of the Fischer-Tropsch 
° ae process used in Germany—the low-pressure, the inter- 
it ich mediate pressure, and the high-pressure processes. 
rice Most of the plants were of the low-pressure type. The 
| 1 catalyst was cobalt-thoria-silica, a combination hydro- 
0 “ genation-polymerization catalyst. The pressure was 
‘0 Y J atmospheric, the temperature was about 200°C., and 
Pras the feed gas was a mixture of two volumes of hydrogen 
ANS F plus one volume of carbon monoxide. The temperature 
- . had to be closely controlled else the process gave noth- 
gon ing but methane. In order to obtain the necessary 
" % close temperature control, the reactor was built like 
ih. an automobile radiator, with the granular catalyst be- 
2 * tween the horizontal fins which were about one-half 
alias inch apart and which were cooled by water’ which cir- 
All culated through vertical pipes. The conversion of 
ea the synthesis gas to liquid products was about 60 per 
* h cent per pass. The catalyst could operate about seven 
P . weeks before the unit had to be shut down.to remove 
aus- f wax which accumulated on the catalyst and cut down 
a its efficiency. The wax was removed by passing hydro- 
ntry 42 at a higher temperature than the reaction tempera- 
line ture or by washing the catalyst with liquid hydrocar- 
7000 JP os ears 
ia Two Fischer-Tropsch plants are being built in this 
ce country to make gasoline from natural gas, by-products 
of to be alcohols and diesel fuel. The synthesis gas will 
be made by the partial combustion of natural gas 
the- (methane) by oxygen, and the new fluid catalyst tech- 
ihe nique will be used in the synthesis proper. The only 
lled similarity to the German process is the name. The suc- 
lene § °°S of the process will depend upon the possibility of 
ihe q manufacturing cheap oxygen and the possibility of re- 
‘- moving the exothermic heat of the Fischer-Tropsch 
reaction by means of the fluid catalyst technique. Hot 
synthesis gas is blown through a bed of finely powdered 
catalyst. The synthesis reaction takes place and the 
heat of reaction is taken up by the catalyst. The cata- 
lyst, which is now hotter than it should be, falls into a 
ited § cooler, and its place is taken by fresh catalyst which is 
iate § at the proper temperature. In other words, the heat 
of reaction is removed by recycling the fluidized cata- 
‘om § lyst through a heat exchanger. The high exothermic 
uld heat of reaction has always been the difficulty with the 
ure, §j Fischer-Tropsch synthesis. The German process was 
pe- § slow, and therefore expensive, because the Germans 
the § used an inefficient method for the removal of heat, and 
our § the synthesis could not be allowed to go any faster 


than the heat was removed. 








search, they almost lost their business. 









METHANOL 


The Fischer-Tropsch synthesis starts with synthesis 
gas and produces liquid hydrocarbons for gasoline. 
By using a different catalyst and more strenuous con- 
ditions the same synthesis gas can be made to produce 
methanol, CH;OH. The catalyst for the methanol 
synthesis is a composition containing oxides of copper,. 
zinc, and chromium. The operating conditions are 
300°C., 3000 pounds per square inch, and a space 
velocity of feed gas of 3000 volumes per hour per volume 
of catalyst. The steel reactor is lined with copper be- 
cause iron poisons the catalyst by making it less specific 
for the production of methanol, contaminating the prod- 
uct with higher alcohols which are unfortunately higher 
than ethyl alcohol. With proper precautions the yield 
of methanol is practically 100 per cent and the purity 
of the methanol is better than 99 per cent. The feed 
gas must be free from sulfur compounds because sulfur 
compounds poison the catalyst, ruining its activity. 

For many years the wood distillationindustry monopo- 
lized the production of methanol, so.much so that 
methanol is commonly called wood alcohol, but in 1944 
only four million gallons were made by the destructive 
distillation of wood and 72 million gallons were made 
from carbon monoxide and hydrogen by catalysis. 
The ancient Egyptians produced charcoal by the de- 
structive distillation of wood and also pyroligneous acid 
and wood tar as by-products. They used the wood tar 
for the embalming of their dead. At one time illumi- 
nating gas was made in England by the distillation of 
wood, but it was given up in favor of coal gas. Meth- 
anol was discovered in pyroligneous acid in 1661, and 
it was 151 years before it was recognized to be different 
from ethyl alcohol. Even today many people cannot 
see the difference after they have taken a drink of wood 
alcohol. 

Other products of wood distillation are charcoal, 
acetic acid, and acetone. Catalytic processes have now 
taken over the production not only of wood alcohol but 
also of acetic acid and acetone. Acetic acid is made by 
the catalytic hydration of acetylene to acetaldehyde, 
followed by catalytic oxidation. 


H—C=C—H + H.0 — CH;—CHO 
CH;—CHO + (0) + CH;—COOH 


Acetone is made by the fermentation of starch and also 
by the catalyti¢ dehydrogenation of isopropyl alcohol, 
which is made by the hydration of propylene, a by- 
product of cracking. 
CH;—CH=CH, + H:0 — CH;—CHOH—CH; — 
CH;—CO—CH; + H: 
Only charcoal remains the undisputed possession of the 
once proud wood-distillation industry. 

About 15 years ago the wood distillers woke up to 
face financial ruin. They had coasted along for genera- 
tions without benefit of chemical research and, in saving 
all this money that they should have invested in re- 
Neglect of re- 


search is dangerous. In the 1890’s the production of 
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synthetic indigo took away from India its age-old live- 
lihood of raising natural indigo, almost overnight. The 
synthesis of ammonia bankrupted Chile. Chemistry 
and physics have drastically changed the course of war 
—one of man’s oldest occupations—by poison gas and 
the atom bomb. Also, chemical research wrecked the 
ancient and honorable wood-distillation industry. 
Within the last 15 years the wood distillers have gone 
modern rather than look for a new job, and they are 
doing very nicely. They now use waste wood instead 
of marketable timber, their process is now continuous, 
they produce acetic acid directly rather than by the old 
calcium acetate method, and they also manufacture 
chemical by-products, such as methyl ethyl ketone, 
allyl alcohol, and esters. In 1940, 540,000 cords of 
wood were processed with a yield per cord of 50 bushels 
of charcoal, 8 gallons of methanol, 14 gallons of acetic 
acid, and smaller amounts of various by-products. 


SYNTHETIC RUBBER 


Butadiene and styrene are the two chemical starting 
materials which are polymerized to make synthetic 
rubber latex from which tires and other rubber goods are 
manufactured, more or less in the same manner as from 
natural rubber latex. 

Butadiene (CH.=-CH—CH=CH:) is made from 
alcohol and from butylene. During the war years the 
greater part of the butadiene came from alcohol, but 
now the alcohol plants have been shut down and all the 
butadiene is being made from butylene, which is a by- 
product of the cracking of crude oil to make gasoline. 
The alcohol process is very satisfactory from the chemi- 
cal and catalytic points of view, but it is too expensive 
for peace-time operation because alcohol is made from 
expensive grain. Synthetic ethyl alcohol from ethylene 





Manufacture of Butadiene and Styrene (Koppers Company, Inc.) 
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could probably compete economically with petroleum 
as the source of butadiene. 

In the manufacture of butadiene from alcohol, acet- 
aldehyde is first made by the catalytic dehydrogena- 
tion of alcohol, and the acetaldehyde, mixed with alco- 
hol, is passed over another catalyst which produces 
butadiene. A simple way of looking at the reaction is 
that two molecules of alcohol give one molecule of buta- 
diene. The Russians probably made butadiene directly 
from alcohol, and not from a mixture of alcohol and 
acetaldehyde as we did. 


2CH;—CH.0H — CH.—CH—CH=CH; + 2H,0 + H; 


Incidentally, the Russian process gave an inferior 
product. In making butadiene from alcohol there are 
several by-products, such as acetic acid, ethyl acetate, 
ethyl ether, piperylene (a C;-olefin), and n-butyl alco- 
hol. 

In making butadiene from petroleum, by-product 
butylene is passed over a dehydrogenation catalyst 
which removes hydrogen with the formation of buta- 
diene. 


CH;—CH:—CH=CH; — CH.—CH—CH=CH; + Hz 


The crude butadiene from petroleum is more difficult 
to purify to the required 98 per cent purity than the 
crude product from alcohol. 

The Germans made their butadiene by the following 
series of well-known catalytic reactions starting with 
acetylene. Lacking petroleum, the Germans used 
acetylene as the starting material in many processes 
where we would use petroleum hydrocarbons. 


2CH=CH + 2H,0 — 2CH;—CHO 
2CH;—CHO — CH;—CHOH—CH:—CHO 
CH;—CHOH—CH:—CHO + H: — einem: = 
CH;—CHOH—CH.—CH,0H — CH:—CH—CH=CH; + 2H,0 


2CH=CH + H: — CH.—CH—CH=—CH, 





Although this series of steps looks cumbersome when 
compared with the streamlined process from alcohol or 
butylene, it is believed that the Germans obtained a 
satisfactory yield of butadiene. 

Styrene, the other unsaturated hydrocarbon used in 
making synthetic rubber, is made in two steps. The 
first step is the reaction of ethylene with benzene to 
produce ethylbenzene, and the second step is the dehy- 
drogenation of ethylbenzene to produce vinyl benzene, 


or styrene. Both steps are catalytic. 
H H 
isi \ oH Ho \ o_cH—CH, 
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The ethylation of benzene is done by one of two cata- - 


lytic reactions. One is the old Friedel-Crafts reaction, 
ethylene being passed into liquid benzene at about 
80°C. in the presence of anhydrous aluminum chloride 
catalyst. This was the more widely used method. 
The Germans also used this method. The other 
method was a new one, developed and used by the Kop- 
pers Company. A mixture of ethylene and benzene 
was passed through a bed of granular catalyst under 
high pressure whereby ethylbenzene was produced. 
This process has considerable advantage over the old- 
fashioned Friedel-Crafts reaction in that it is continu- 
ous and free from corrosion by hydrochloric acid which 
always bothers any operation with aluminum chloride. 
The ethylbenzene, regardless of how made, is pumped 
through a bed of dehydrogenation catalyst at about 
600°C. and at atmospheric pressure whereby one mole- 
cule of hydrogen is split out to give styrene. Besides 
being an intermediate to synthetic rubber, styrene is an 
important substance in making plastics. 

In 1942 the production of butadiene in this country 
was zero. Very few chemists in this country had ever 
seen any butadiene. Three years later we were produc- 
ing 200,000 tons per year. Practically the same story 
is true for styrene. Six hundred thousand tons per 
year was the largest amount of natural rubber ever 
processed in this country before the war. We are now 
geared to manufacture one million tons of synthetic 
rubber per year. 

Before the war this country used about 80 per cent of 
the natural rubber produced in the world. Although 
our way of life was closely connected with rubber, we 
were dependent on England and Holland for our supply 
of rubber. After World War I we paid as high as 
$1.50 per pound for rubber. The present price of na- 
tural rubber is about 24 cents per pound, thanks to our 
enormous synthetic rubber capacity which stands ready 
to take over if the price goes too high. The present 
price of synthetic rubber is 18 and one-half cents per 
pound. 

Not only can we manufacture synthetic rubber, but 
we can compete in price and quality with the natural 
product. In the years to come, the synthetic product 
will probably be far superior to the natursl product. 
It will be tailored to meet specific major needs. The 
fact that we can compete in price means that the high 
wages of American labor can compete with the starva- 
tion wages of the Far East. Perhaps our little brown 
brothers who work the rubber plantations will not suf- 
fer too much if we use synthetic rubber, for their lot 
has never been very good, but millions of dollars of 
English and Dutch capital are on shaky ground. 
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THE CATALYTIC AGE 


Modern industrial chemistry is largely based on ca- 
talysis, and yet this subject is barely mentioned in 
the curricula of our colleges. Industry responds very 
quickly to progress in science and is largely responsible 
for scientific advances in catalysis. Industry will be- 
come more and more dependent on catalysis in the fu- 
ture and will rely less and less on the brute force chemi- 
cal reactions of the past. 

Our human lives are very much dependent on several 
hundred catalytic reactions which take place in our 
bodies. We know quite a few of these reactions and 
we can carry out some of them in the laboratory, but 
not under conditions compatible with life and the pur- 
suit of happiness. In the laboratory we must use 
Bunsen burners and powerful chemical reagents, 
whereas our bodies operate at 37°C. without corrosive 
chemicals of any kind, fortunately. And our bodies 
are able to do these remarkable things because of hun- 
dreds of marvelous catalysts about which we know very 
little. 





2 Official Business 


President Eldin V. Lynn has announced the appointment of the 
following persons to the Honorary Membership Committee: 
Millard W. Bosworth, Chairman, S. Walter Hoyt, and Lawrence 
H. Amundsen. 


@ New Members 


Sister Mary Olga, R.S.M., Holy Family High School, New Bed- 
ford, Massachusetts 

William E. ‘Parker, Jr., Chairman of the Science Department, 
Wethersfield High School, Wethersfield, Connecticut 

Louis E. Feneaux, New Bedford Textile Institute, New Bedford, 
Massachusetts 

Lena A. Malentacchi, St. Joseph College, West Hartford, Con- 
necticut 

Anne R. Kelley, Roxbury Memorial High School, Roxbury, 
Massachusetts 

Edgar L. Lord, Stevens High School, Claremont, New Hamp- 
shire 

Marie Elizabeth Kenney, Head of the Science Department, 
Somerville High School, Somerville, Massachusetts 


a Schedule of Meetings 


240th meeting, March 22, 1947, Trinity College, Hartford, 
Connecticut 

241st meeting (annual meeting), May 10, 1947, College of the 
Holy Cross, Worcester, Massachusetts 

Ninth Summer Conference, August 11-16, 1947, Wellesley Col- 
lege, Wellesley, Massachusetts 





CORRECTION 


THE MINUTES of the September, 1946, meeting of the Division of Chemical Education, published 
in the December issue, should have intluded the information that Dr. Otto M. Smith, former 
Chairman of the Committee on Examinations and Tests, has been made an advisory member of 


that committee. 
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@ THE CHEMISTRY OF ANESTHESIA 


John Adriani, M.D., Charity Hospital of Louisiana at New Orleans, 
and Clinical Assistant Professor of Surgery, Louisiana State 
University School of Medicine. Charles C. Thomas, Springfield, 
Illinois, 1946. x + 536 pp. 45 figs. 28 tables. 15 X 23 cm. 
$7.00. 


Tue piscovery of successful surgical anesthesia, made during 
the years between 1842 and 1847, was a contribution to the ad- 
vancement of medicine that is distinctly American. It is curious 
that in the century that has elapsed since that epochal event, 
anesthesiology has been more an art than a science. Prior to 
World War I the administration of an anesthetic was largely the 
application of technical skills. Since that time it has become a 
medical specialty partly because of scientific advances and partly 
through the efforts of a relatively few professional anesthesiolo- 
gists. - 

It seems somehow fitting that in the country where anesthesia 
was discovered there exists some of the best anesthesiology in the 
world. However, it is unfortunate that such is not the case where 
the specialty is neither encouraged nor recognized. 

If anesthesiology is to change completely from an art to a sci- 
ence, it must rest firmly on the fundamental sciences of chemistry, 
physiology, and pharmacology. With respect to the first of 
these, it can be said that Dr. Adriani has adequately fulfilled the 
purpose of summarizing the fundamental chemistry essential to 
the science of anesthesiology and pointing out the gaps where 
additional research is required. 

The author has logically divided the book into three parts. 
Part I is concerned with the inorganic chemistry pertinent to 
anesthesia and is therefore primarily a review of the chemistry of 
inorganic gases and of carbon dioxide absorption. Since it is 
difficult to separate the chemistry of gases from their physical be- 
havior, the author has wisely included the physics of gases. 
Differences in rates of diffusion of gases must be appreciated be- 
fore the anesthetist can understand the role they play in anes- 
thesia. The four chapters of Part I deal with the physical be- 
havior of gases, the clinical application of the physical laws of 
gases, the chemistry of inorganic gases, and the chemical absorp- 
tion of carbon dioxide in rebreathing appliances. 

Part II covers the organic chemistry related to anesthesia and 
consists of 16 chapters which emphasize the relationship of chemi- 
cal structure to pharmacological action and anesthetic efficiency. 
The subject is developed interestingly and systematically from 
the simple gaseous hydrocarbons to the structurally complicated 
barbiturates, alkaloids, sympathetic and parasympathetic agents, 
and analeptics. 

In Part III the biochemistry related to anesthesia is considered. 
Twelve chapters are devoted to an appraisal of the effects of anes- 
thetic agents on the biochemistry of the living organism, starting 
with a review of the chemical basis for the various proposed 
mechanisms of narcosis. Consideration is given to the effects of 
anesthesia upon the composition of body fluids, liver function, 
formation and composition of urine, and upon lipoid and nervous 
tissue. The author calls attention to the paucity of data in this 
whole important field, especially the effects upon enzymes, vita- 
mins, and hormones. 

Dr. Adriani’s book should be valuable not only to the student 
and practitioner of anesthesiology, but should help the responsible 


administrative official realize the need for recognizing anesthesi- 
ology as a medical specialty. From the standpoint of chemical 
education the book is valuable in that it shows clearly the prac- 
tical relationship of chemistry to a medical specialty and demon- 
strates how the single property of narcotization with its variables 
of intensity and side actions can be traced from the simple gaseous 
hydrocarbons to the structurally complicated solid analgesic 
agents. 

In passing, the reviewer noted errors in typography and style 
illustrated by the following examples. In the second line on page 
108 the word “‘pharmacologists”’ is misspelled, and in the last line 
of the first paragraph of the summary on page 327 “‘in question- 
able” should doubtless be ‘‘is questionable.”” The fourth sen- 
tence of the second paragraph, page 107, would be improved by 
rearranging to read, ‘Atropine is not prepared synthetically be- 
cause of the complexities involved even though its structure is 
known and it has been synthesized.” 

Fioyp DEEps 


U. 8. DeparTMENT oF AGRICULTURE 
ALBANY, CALIFORNIA 


& ORGANIC PREPARATIONS 


Conrad Weygand, University of Leipzig. 
lishers, Inc., New York, 1945. xiii + 534 pp. 
cm. $6.00. 


For stupEnTs of organic chemistry and for laboratory workers 
engaged in syntheses in that field, this little volume neatly sup- 
plements Houben-Weyl and Lassar-Cohn. Whereas the former 
is organized about functional groups and the latter about re- 
agents, Weygand’s book is based on the production, and the be- 
havior, of bonds between two atoms or groups. By presenting 
material most excellently from another point of view, this book is 
bound to be stimulating and idea-provoking. It is splendidly 
documented. The translators refer to “Organic Syntheses” re- 
peatedly rather than quote from that valuable set. This practice 
made the book unusually small but is commendable since it may 
safely be presumed that the collective volumes -of ‘Organic 
Syntheses” are available to all organic researchers in this country. 

While it is a real pleasure whole-heartedly to praise this book, 
it is only fair to say that it is not perfect. There are occasional 
misprints and some obvious errors. The illustrator (see the 
cover and page 11) did not follow accepted usage in drawing the 
diagrams. It is regrettable that “‘saponified” is given so broad a 
meaning. That term has a definite and especial significance, 
whereas “hydrolysis” is the term of broader scope. Without de- 
veloping too extensively a specialized jargon, scientists can ex- 
press themselves more accurately, and hence more clearly, by a 
more careful choice of words. The translators, or the author, 
failed to distinguish “clear” from “colorless.” There is a differ- 
ence. 

The better a book is, the more glaring its deficiencies seem. 
The foregoing remarks should not damn this work. Weygand’s 
is a fine book and should be in every organic chemist’s library. 

G. ALBERT Hin 


Interscience Pub- 
12 figs. 15 X 23 


Wes.teYan UNIVERSITY 
Mupp.etown, Connecticut 
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Ir att the murdered golden-egg-laying geese were laid 
wing to wing they would, very likely, reach from some- 
where to somewhere else. Their assembled carcasses 
might suggest how little we realize what is good for us 
and how prone we are to belittle some of the principles 
and practices vital to our existence and progress. 


What would we do without “education,”’ upon which 
according to the commonest platitudes, any democratic 
society depends? Yet in sophisticated circles the surest 
way of getting the ‘‘brush-off” is to be identified with 
some form of “education.”’ It must be because the 
school teacher stands near the bottom of the social 
and economic scale—as indeed seems evident from 
their appallingly low average salaries. Perhaps if a 


John L. Pedagog should appear who could direct these 
sporadic teachers strikes and put the teacher more or 
less in the money we might suddenly find the profession 
attractive, respectable, and respected. 


Love may make the world go round, but it is educa- 
tion that makes it go straight. For it is education’s ob- 
jective to make our lives effective, personally and so- 
cially. The sum total of this effectiveness is industrial, 
economic, and social progress. 

All the paraphernalia and ‘“‘technology” of the proc- 
ess of education is the means of arriving at this objective 
and includes not only the apparatus and experiences of 
the schoolroom during the youthful years but also a 
large portion of our life’s activity up to its end. News- 
papers, radios, public discussions—if they aren’t educa- 
tive are mere amusements. 

Those who engage in this work are performing the 
world’s most important service, no matter what they 
are paid. Nevertheless, we seem to think of those who 
are concerned with the early, youthful part of the proc- 
ess as mere diaper-changers, forgetting that someone has 
to do this and that it is essential to the later, more spec- 
tacular tasks. 

Why should we belittle the efforts of the ‘“‘education- 
ists’ to put this process on a more objective basis? We 
of the scientific fraternity in one breath demand the 
application of the ‘‘scientific method” to more of the 
world’s problems and in the next breath we scoff at the 
efforts of those who make the attempt. We insist that 
you can’t make a science out of a field of knowledge 
until you can measure its variables quantitatively, and 
then we laugh at what are called ‘‘educational measure- 
ments’’—and indeed the whole field of “‘educational re- 





search’’—calling them the brain-waves of untrained 
amateurs. But, Mr. Precision Chemist, can you point 
out any better way of organizing this field and making 
the necessary observations and measurements. The 
most you have ever done is to say: ‘‘Shucks, any fool 
knows you can’t measure intelligence; common sense 
tells you...,” etc. But don’t forget it isn’t long since 
the Natural Philosophers were saying the same sort of 
thing about your field. 

The ‘‘educationists,” even if they don’t always speak 
our language, are after all serious fellows who are mak- 
ing an honest effort to bring some objectivity into a field 
in which there are a great many subjective factors. 
That their results are generally expressed in statistical 
mathematics rather than differential equations should 
not make the physical chemist critical; he often uses 
the same methods in some of his own work. 


Among the commonest complaints against the “‘edu- 
cationists”’ is their supposed belief that one need not 
know the subject matter in order to teach it—that it is 
unnecessary to know any chemistry as long as one 
knows the tricks of pedagogy. But did you ever really 
hear a qualified person say so? You would certainly 
never hear it in any school of education. Of course, one 
must recognize that practical situations sometimes re- 
quire regrettable expedients. In a three-teacher high 
school in the mountains where twelve subjects are 
taught, it will scarcely be possible for each teacher to be 
a qualified specialist in each subject he teaches. But 
how many times have you been assigned a job for which 
you realized yourself totally‘unprepared? You probably 
would have felt your intelligence iysulted if your em- 
ployer had brought in an outside expert. 

Furthermore, we must remember that in the early 
years the primary responsibility of the teacher is to his 
student rather than to his subject. He may feel that he 
is teaching students rather than chemistry. This be- 
comes less so as one goes through the college years, until 
in the graduate school it is perhaps defensible that a pro- 
fessor becomes so engrossed in his subject that his stu- 
dents are more or less incidental. At this level the stu- 
dent should be able to get what he needs from the pro- 
fessor, whether he is aught or not. 

Perhaps if we tried better to understand educational 
problems and did not depend upon what may be mere 
group tradition, we would be more tolerant and ap- 
preciative of what is being done. 
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UPPER LEFT: The electrical insulating qualities of glass used advantageously. 
master switchboard is composed of structural Carrara. 
LOWER LEFT: Glass is used for the walls of this brewery room where con- 
UPPER RIGHT: Resistance of glass to chemicals makes it suitable 


other materials might. 
densation of moisture is excessive. 
for laboratory desk tops. 


LOWER RIGHT: Structural glass in a coal mine. 


~.. THE CHEMISTRY AND MANUFACTURE OF 


oN CARE ARA STRUCTURAL GLASS 
“sd . y gas % 


R. A. MILLER 


Pittsburgh Plate Glass Company, 
Pittsburgh, Pennsylvania 


The facing of this 
Being inorganic, it will not deteriorate as 


The iron bottom of the 


upper half of this chute is worn out, while the glass bottom of the lower half is practically unaffected. 
(Photos courtesy of the Pittsburgh Plate Glass Company) 


Onz of the outstanding developments in the glass in- 
dustry during the last half century was the production 
of opaque structural glass. Since its introduction to 
the building market around 1900 by the Pittsburgh 
Plate Glass Company under the name ‘‘Carrara,” the 
uses of structural glass have multiplied q thousand-fold. 
Originally used in commercial buildings, this versatile 
material is now found on the fronts of stores, in bath- 
rooms and kitchens of homes, in tanks, work areas, and 
laboratories of industry, in the chemical laboratories, as 
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plaques, and in a hundred and one other places serving 
both utilitarian and decorative needs. 

The original Carrara structural glass was pure white. 
In many ways it closely resembled the fine white marble 
obtainable only from the quarries located near the town 
of Carrara, Italy. Thus, the natural trade name for 
the product was suggested in this interrelation and 
fine structural glass became known as Carrara. 

Carrara is made up of a mass of crystals suspended in 
a matrix of glass so that when one looks at a piece of 
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Carrara, one actually looks into the glass, which accounts 
for the depth of color not obtainable in a coated surface. 
With Carrara it is the body of the material which is of 
interest; therefore the surface of Carrara is ground and 
polished to reveal the interior of the sheet and to per- 
mit one to see beneath the surface, a beautiful feature. 


THE CHEMISTRY OF CARRARA 


In general, the Carrara glasses may be classified with 
the basalts and feldspars. All except black belong to 
the family of soda-alumina-silica glasses, which are 
opacified principally by the addition of sodium silico- 
fluoride to the melt. This compound tends to become 
milky while the glass is being annealed, due to the action 
of the fluroine which has an opalizing, opacifying effect. 
Actually, the colors are variations of the white batch. 

(1) White Carrara, the original product, is a soda- 
alumina-silica glass, opacified with sodium silicofluoride. 

(2) Tranquil green has the same composition as white 
with chromium, cobalt, and nickel. 

(3) Ivory is obtained when selenium and iron are 
added to the white batch as the colorants. 

(4) Gray is obtained when nickel, cobalt, and selen- 
ium are added to the white batch. 

(5) Beige has selenium added to the white batch. 

(6) Wine is the white batch plus cupric oxide. 

(7) Forest green is the white batch plus chromic oxide, 
calcium fluoride, and cuprous oxide. 

(8) Rembrandt blue has cobalt, nickel, and calcium 
fluoride added to the white batch. 

(9) Orange presents some deviation from the basic 
soda-lime-silica mixture. It is a soda-potash-alumina- 
silica glass, opacified with sodium silicofluoride and 
colored by the addition of cadmium sulfide and selenium. 

(10) Black Carrara is an entirely normal soda-lime- 
silica glass to which the coloring agents, manganese and 
chromium, have been added in considerable amounts. 
Manganese absorbs certain portions of the spectrum, 
and chromium absorbs certain other portions. Both 
of these oxides are oxidizing agents in the glass melt and 
tend to maintain in the ferric condition any iron which 
may be present. The intensity of color is so great that 
black Carrara is entirely opaque to visible light in thick- 
nesses Over one-quarterinch. If an intense light source 
is placed behind a piece of black Carrara one-quarter 
inch thick or less, a very considerable portion of the 
visible red light from the light source will be transmitted 
by the glass. It is highly transparent to the infrared in 
all thicknesses, and infrared photographs may readily 
be made through it. Black Carrara is actually a very 
deep red-purple color and is not opacified in the sense 
that the other Carrara glasses are opacified. 
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CHARACTERISTICS OF CARRARA 


The characteristics of Carrara glass determine its 
range of use. Some of these characteristics are peculiar 
to glass alone; some are possessed by glass to a greater 
degree than by other comparable materials. 

Carrara structural glass is one of the most useful, in- 
triguing, and versatile glass products. The wide choice 
of colors permits ready adaptation to almost any color 
scheme and opens wide the portals to creative artistry 
in design. . The range of available thicknesses of these 
structural glasses enables the architect or engineer to 
use glass of adequate strength for the purpose in hand. 
Variations of surface finish may be adapted and com- 
bined in almost infinite variety. 

The modernization of ‘‘Main Street”’ with new or re- 
modeled stores for customer eye-appeal began in 1934 
with an array of colors of Carrara and polished plate 
glass set in metal, comprising a complete tailor-made 
line of new and beautiful store-front setting members of 
extruded alumilited aluminum and bronze. 

Signs and decorative features of Carrara are a must 
in store-front work. The long-lasting, attractive ap- 
pearance of these units is a valuable asset to any com- 
mercial organization. These signs are of two types: 
laminated and sandblasted, or a combination of the two. 

The laminated sign panel consists of a Carrara glass 
background to which Carrara letters of various types 
and sizes are laminated or cemented. Letters, trade- 
marks, or design features of virtually any character may 
be produced. The all-glass construction is obviously 
superior, since the colors cannot fade and the sign is 
easily cleaned with a damp cloth. 

The sandblasted sign is prepared by sandblasting the 
letters or design into the glass about !/;,inch deep. The 
blasted area is given a prime coat and enameled. 
Bronze, aluminum, and gold leaf are used with equally 
satisfactory results. As with the laminated treatment, 
design possibilities are limitless. Decorative panels 
produced by this process are frequently used in bath- 
room or powder-room installations. 

Permanent beauty and freedom from maintenance 
combine to make the Carrara plaque a very attractive 
medium for honor rolls and war meniorials, small signs, 
and directories. Various treatments are possible: 
sandblasted letters, painted or unpainted, or raised 
letters where the background is blasted. Borders, 
seals, trademarks, and decorative features may be sand- 
carved and executed in gold leaf. The richness of color 
throughout the glass insures a permanence of decorative 
value which is enhanced by the almost indestructible 
character of the surface. 
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THE PROBLEM OF TEACHING ELECTROLYSIS 
IN THE COURSE IN GENERAL CHEMISTRY’ 


In rue course in general chemistry it would seem de- 
sirable to teach students how to be able to predict what 
ions are discharged at each electrode during the electrol- 
ysis of a solution. Further the theory used to explain 
such reactions qualitatively must be in harmony with 
the quantitative treatment given this subject in physi- 
cal chemistry. That the decision of what to teach has 
not been easy to make is indicated by the diverse treat- 
ment of this topic in textbooks of general chemistry. 
In some the sodium ion is supposed to discharge on plat- 
inum electrodes from aqueous solutions of sodium salts, 
only to react subsequently with water, liberating hydro- 
gen and reverting to its ionic condition. In others, the 
statement is made that this ion never is discharged in 
the presence of water. Both statements are wrong. 

To understand the problem it might be well to review 
briefly the way in which electrolysis is treated in physi- 
cal chemistry. 


ELECTRODE POTENTIALS 


Since this subject is covered in detail in textbooks of 
elementary physical chemistry, it will be unnecessary 
to do more than to state the conventions which are to 
be used in this paper. The reader is also referred to two 
-recent papers on this subject which have appeared in 
THis JouRNAL.2. The standard reduction potential of 
a metal is determined from the electromotive force of 
the following cell: 


Pt, Hz (1 atm.); H+ (@ = 1)|| Me** (a = 1); Me 


The potential of the standard hydrogen electrode used 
in this cell is arbitrarily defined as zero. Further it is 
assumed that oxidation takes place at the electrode at 
the left and reduction at the right-hand electrode of the 
cell as written: 
Hz — 2H+ oe 
Me** + ne“ —~ Me 


Hence the cell reaction is 

2 Me"* + nH, — 2nH*+ + 2Me 
and electrons must flow from the platinum electrode to 
that of the metal if this reaction is to take place. If the 


reaction is spontaneous, electrons actually will flow in 
this direction and the electromotive force of the cell is 





1 Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, Sep- 
tember 9-13, 1946. 

2 Hall, W. T., J. Cuem. Epuc., 21, 403-6 (1944); W. F. Luper 
AnD A. A. VERNON, tbid., 22, 63-7 (1945). 
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positive. This will be the case if the metal is below 
hydrogen in the electromotive series. On the other 
hand, if the reaction is not spontaneous, electrons will 
flow in the opposite direction and the reverse reaction 
will take place. This occurs when the metal is above 
hydrogen. In such cases the e. m. f. of the cell is con- 
sidered negative. 

In any case the e. m. f. of the cell is the sum of the ox- 
idation potential (the corresponding reduction poten- 
tial with its sign changed) of the electrode at the left and 
the reduction potential of the electrode at the right. 

To show how these conventions work out let us deter- 
mine the standard reduction potentials of silver and 
iron. The cell 


Pt, Hz (1 atm.); H*+(a=1) |] Agt(a = 1); Ag 
has a measured e. m. f. of 0.799 v. and its sign is positive 
since electrons flow spontaneously from the platinum to 


the silver electrode as the following reaction takes 
place: 


H, + 2Agt(a = 1) > 2H*(a = 1) + 2Ag 
The reduction potential of the standard silver electrode 
is calculated as follows: 


EY saad Ey, + + net ag 
+0.799 v. = O + Bastag 
B%xgtag = +0.799 v. 


The cell 
Pt, H: (1 atm.); Ht+(a = 1)||Fett+(a = 1); Fe 
has an e. m. f. of —0.441 volt, negative because elec- 


trons do not flow from left to right in the external cir- 
cuit and the cell reaction is not spontaneous: 


H, + Fet+ (a = 1) ~ 2H*+(a = 1) + Fe 


Calculated as above, the standard reduction potential 
of iron is —0.441 volt. Thee. m. f. of the cell 


Fe; Fet*+(a = 1)||/Ag*(@ = 1); Ag 


is equal to the sum of the standard oxidation potential 
of iron and the standard reduction potential of silver, as 
shown here: 


B® = Eye, vrett + EH agt, ag 
= 0.441 v. + 0.799 v. = 1.240 v. 


The cell reaction 
Fe + 2Agt(a = 1) > Fett(a = 1) + Ag 


is spontaneous since the cell e. m. f. is positive. 
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THE EFFECT OF ION CONCENTRATION ON 
ELECTRODE POTENTIALS 


A cell based on the reaction 
Zn + 2H*(a = 0.01) ~ Znt* (a = 0.01) + He 


would be set up as follows: 
Zn; Zn++(a = 0.01)||H+(a = 0.01); H; (1 atm.), Pt 


The e. m. f. of the cell, Z, is related to that, H°, of the 
corresponding cell in which all ion activities are unity by 
the following equation 
E = E° — (RT /nF) In aznt+/a*gt+ 
which in its general form becomes 
E = EF. — (RT/nF) nQ (1) 


In this equation R is the gas constant in joules per de- 
gree per mol, 7’ the absolute temperature, n the va- 
lence change involved in the cell reaction, and F the 
faradays in coulombs. The letter Q is equal to the ratio 
of the product of the ion activities of the substances 
formed in the cell reaction to that of its reactants. This 
ratio is in identically the same form as the expression 
for the equilibrium constant of the cell reaction. 
At 25°C. equation (1) becomes 


E = E° — (0.059/n) log Q (2) 


when values for its constants and the logarithm conver- 
sion factor are introduced. The solution of equation (2) 
for the zinc-hydrogen cell, described above, proceeds as 
follows: 

E® = 0.761 v. + 0 = 0.761 v. 


E = 0.761 v. — (0.059/2) log 0.01/(0.01)? v. 
E = 0.761 v. — 0.059 v. = 0.702 v. 


It is sometimes desirable to be able to calculate how 
the potential of a single electrode varies with the con- 
centration of the ions that take part in the electrode re- 
action. In this case equation (2) may be separated into 
two equations, one for each electrode potential. Then 
the reduction potential of a given electrode may be cal- 
culated at 25°C. by means of the equation 


E = E® — (0.059/n) log ga (3) 
This is the Nernst equation and in it q, stands for the 
ratio of the activities of the reduced to the oxidized 


forms of the substances involved in the electrode reac- 
tion. Thus the reduction potential of the electrode 


Znt* (a = 0.01) + 2e— —> Zn 
is | 
= —0.761 v. — (0.059/2) log 1/0.01 
= —0.761 v. —0.059 v. = —0.820 v. 
Similarly for the electrode, 


Ht (a = 0.01); Hz (1 atm.), Pt. 
2H+(a = 0.01) + 2e- > Hz 


Electrode reaction: ‘ 


E = 0 —(0.059/2) log 1/0.01? 
= 0 -—0.118 v. = — 0.118 v. 
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The cell e. m. f. may be calculated by adding the oxida- 
tion potential of the zinc electrode and the reduction po- 
tential of that of hydrogen: 


E = +0.820 v. —0.118 v. = 0.702 v. 
ELECTROLYSIS 


To understand how intimately electrolysis is con- 
nected with electrode potentials let us consider the fol- 
lowing familiar circuit (Figure 1) in which XZ, a wire, 
and Y, a movable contact, constitute a Wheatstone 
bridge. The electromotive force of the battery, B, is 
opposed by that of the cell, C. Let us further suppose 
that this cell is constructed as follows: 


Zn; Znt+(a = 1)||Cut+(a = 1); Cu 


Its e. m. f. can be calculated from the standard poten- 
tials of the zinc and copper electrodes. 


B® = B%a, gnt+ + E®cutt, ca 
E® = +0.761 v. + 0.339 v. = 


The cell reaction is spontaneous 
Zn + Cutt (a = 1) > Znt+(a = 1) + Cu 


If the position of the contact, Y, is such that no cur- 
rent is flowing as indicated by a zero deflection of the 
galvanometer needle, the e. m. f. of the battery, B, just 
balances that of the cell, C. Then no reaction will take 
place in the cell. If Y is shifted toward X, the resist- 
ance in the cell circuit is lowered and a current of elec- 
trons flows from the zinc to the copper electrode. The 
cell is now acting as a galvanic cell—that is, the reaction 
between zinc and copper ions is taking place and is a 
source of electrical energy. On the other hand, if the 
contact is shifted toward Z, the battery, B, gains the 
upper hand and a current of electrons flows from the 
copper to the zinc. The cell then becomes one in which 
electrolysis is taking place and the chemical reaction in 
it is reversed. 


Cu + Znt+ (a = 1) > Cutt (@ = 1) + Zn 


1.100 v. 


Obviously the opposing e. m. f. must be greater than 
1.100 v. before electrolysis can take place. 

In the above discussion we have assumed that each 
electrode is reversible and that such a small current is 


a 
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Figure 1 



























Figure 2 


flowing that reversible conditions are maintained. Even 
under such ideal conditions it should be apparent that 
only part of the e. m. f. of the external source is effective 
in passing current through the cell—namely, that part 
which is greater than 1.100 v. The resisting e. m. f. of 
the cell itself is called appropriately its back e. m. f. 


DECOMPOSITION POTENTIALS 


The type of cell used for electrolysis is usually quite 


different from a galvanic cell. In the electrolytic cell 
two electrodes dip into a single electrolyte. We may 
use as an example a cell in which two platinum elec- 
trodes dip into a solution of sulfuric acid. Since both 
electrodes are the same, one might expect that such a 
cell would have no back e. m. f. and that any external 
e. m. f., however small, would cause continuous elec- 
trolysis. If a small e. m. f., e. g., 0.5 v., be applied to 
the cell, a current flows momentarily but soon falls to 
an almost negligible amount. The reason lies in the 
deposition of hydrogen at the cathode and oxygen at 
the anode. The electrodes are changed to ones of hydro- 
gen and oxygen, thus creating a back e. m. f. Only if 
the external e. m. f. is raised to 1.7 v. or above will con- 
tinuous electrolysis occur. Thus, in general, since sub- 
stances are deposited during electrolysis between ini- 
tially inert electrodes, a back e. m. f. results. 

To determine the minimum voltage, or decomposition 
potential, needed for the continuous electrolysis of an 
electrolyte the apparatus illustrated diagrammatically 
in Figure 2 is used. The cell is provided with a stirrer, 
S, to minimize differences in ion concentrations at the 
electrodes. The voltmeter, V, has a high internal resist- 
ance so that a negligible current will flow through it. 
The source of e. m. f. is the battery, B, in a circuit that 
includes the variable resistance, R, and the milliam- 
meter, A. The current flowing through the cell and 
the corresponding voltage are recorded at various resist- 
ances. When the current in amperes is plotted against 
the corresponding voltage, a break occurs in the curve 
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when the decomposition potential is reached. At lower 
voltages than the decomposition potential little if any 
current passes through the cell. 

The circuit used in Figure 2 is analogous to that in 
Figure 1. As soon as the products are deposited on the 
electrodes, the electrolysis cell becomes a potential gal- 
vanic cell exerting an opposing e. m. f. which can be 
calculated from equation (2) if reversible conditions are 
assumed. As an example consider the electrolysis of a 
molar solution of zinc bromide. Here zinc is deposited 
on the cathode and bromine set free at the anode. Thus 
the following galvanic cell is set up, 


Zn; ZnBr2(1M); Bre(l), Pt 


with a cell reaction the reverse of that of the electrolysis 
taking place: 
Zn + Bre > Zntt+ + 2Br- 


The opposing e. m. f., which this cell exerts to the exter- 
nal e. m. f. of B, can be calculated from equation (2), 
assuming reversible conditions. 


E® = B%n, ant+ + Ear, Br- 
= +0.76 v. + 1.07 v. = 1.83v. 


The molalities of the zinc and bromide ions are 1 and 2, 
respectively. 
E = F° — (0.059/n) log aznt++ x @p;-/1 
= 1.83 v. — (0.059/2) log 22/1 
= 1.83 v. — 0.02 = 1.81 v. 


It would seem that the minimum external voltage 
that would be required for the continuous electrolysis of 
this solution must be equal to this calculated value 
called the reversible decomposition potential. As a mat- 
ter of fact, the experimentally determined decomposi- 
tion potential, Hz, of molar zine bromide does agree 
with its calculated reversible decomposition potential, 
E,. 
In Table 1 E, and E, are given for various electro- 
lytes in normal solutions using platinum electrodes. 
Wherever a metal or hydrogen is liberated at a platinum 
cathode and a halogen at a platinum anode, the two val- 
ues are in good agreement. We may conclude that in 
these cases the electrodes are functioning reversibly. 
However, when oxygen is set free the values of E, and E, 
disagree substantially. Before seeking the cause for 
this disagreement, it will be.interesting to calculate the 
reversible decomposition potential for one of the elec- 
trolyses in which hydrogen and oxygen are liberated to 
see why the values for such widely differing electro- 
lytes as nitric acid and sodium hydroxide are the same. 

Any cell in which hydrogen and oxygen are liberated 
at platinum electrodes may be represented by 

Pt, O2 (1 atm.); OH~ (don-), H+ (au+); He (1 atm.), Pt 
Oxidation: 20H- — H,O + 1/ O. + 2e- 
Reduction: 2H+ + 2e* — H; 

Cell reaction: 2H+ + 20H- — Hz + 1/. O. + H:O 





’ For the purpose of showing the type of calculations involved 
it will be accurate enough to consider molalities and activities 


equal. 
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TABLE 1 
Decomposition Potentials* 


Electrolyte Products Ez«(Volts) 4, (Volts) 


H. + Ck -—1.31 —1.37 
H. + Bre —0.94 —1.08 
I —0.52 —0.55 
—1.78 —1.69 
—1.85 —1.64 
—1.80 ° =]. 


—1. —1. 
=—1. =k. 
=—1. =]. 
1. —1. 
—1. —1. 
—1. =I. 
—1. =<}, 


—1.98 —1. 
2.03 =—1. 
—1.49 —0.51 —0.98 
—2.55 —1.60 —0.95 


* Data from C. F. Prurron and 8. H. Maron, ‘“‘Fundamen- 
tal Principles of Physical Chemistry,” The Macmillan Company, 
New York, 1944, p. 579. 





Ea — #£, 


+0.06 
+0.14 
+0.03 
—0.09 
—0.21 
+0.07 


—0.46 
—0.42 
—0.44 
—0.47 
—0.46 
—0.44 
—0.51 


—0.73 
—0.77 











++4++)+t+4+4+4+4+ 
(e) 








Substituting in equation (2), 
E = E° — (0.059/2) log 1/a*q+a?, on> 


Since the product of the activities of the hydrogen and 
hydroxyl ions is 10-4 in all aqueous solutions, the 
e. m. f. of the cell does not depend on the pH of the solu- 
tion. 
E = E* — (0.059/2) log 1/(10-14)2 
= F° — 0.826 v. 


The standard oxidation pottntial of the oxygen elec- 
trode has not been measured directly but it can be eas- 
ily calculated from thermal data. It is equal to —0.403 
v. Since the standard reduction potential of the hydro- 
gen electrode is zero, the H® value of the above cell is 


—0.403 v. Hence 
= —0.403 v. — 0.826 v. = — 1.229 v. 


This is the reversible decomposition potential of any 
electrolyte whose electrolysis liberates hydrogen and 


oxygen. 
OVERVOLTAGE AND POLARIZATION 


When the difference between H, and E, becomes ap- 
preciable, one or both of the electrodes are not acting 





TABLE 2 


Hydrogen and Oxygen Overvoltages / 
(Low Current Densities) 


———Overvoltage 
Hydrogen 


~0.00 





Electrode 


Pt (platinized) 
Pt (smooth) 
Fe 


Oxygen 


0.40 
0.72 
0.25 
0.35 


0.43 





CHOronN 


mi. 
0.31 
0.53 


osoososos 


Pb 
C (graphite) 
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reversibly and are said to be polarized. This condition 
may result from changes in the concentration of the solu- 
tion around the electrode or from some slow step in the 
electrode reaction. Concentration polarization may be 
minimized by stirring. Overvoltage results from a slow 
step in the electrode reaction which does not permit it to 
act reversibly. Obviously the greater the current den- 
sity, the greater must be the velocity of the electrode 
reaction, the departure from reversibility and the over- 
voltage. On the other hand, the higher the tempera- 
ture, the greater will be the velocity of the slow process 
and the less the departure from reversible conditions. 


THE LIBERATION OF HYDROGEN AND OXYGEN 


The mechanism by which the hydronium ion is 
changed to molecular hydrogen is not known but must 
involve at least several steps which might be: 

(1) the transfer of the hydronium ion to the cathode 

from solution, 

(2) H30+ + «- ~ H + HO, 

(3) H + H — Hy, and 

(4) the escape of hydrogen gas from the surface of 

the cathode. 

Of these the formation of molecular hydrogen from its 
atoms is probably the slow step and, therefore, the rate- 
determining process. If this be so, then we should ex- 
pect metals, which catalyze this change, would act as 
reversible electrodes when the hydrogen is discharged. 
This seems to be the case since hydrogen is discharged 
reversibly on platinized platinum and the overvoltage is 
low on nickel, the metal used to catalyze the hydrogen- 
ation of organic compounds. On the other hand the 
hydrogen overvoltage (Table 2) is high on such poor 
hydrogenation catalysts as lead, zinc, and mercury. 
Unfortunately, although this theory explains the facts 
well enough qualitatively, it is not so successful when 
applied quantitatively. Other theories have been pro- 
posed which are in better agreement with the facts, but 
at present a just choice of the best of these is difficult. 

Oxygen is never released reversibly at the anode from 
aqueous solution. In general the higher the overvoltage 
of hydrogen on a given metal, the lower is its oxygen 
overvoltage. 


REDUCTION AT THE CATHODE 


The changes which take place at the electrodes in a 
given electrolysis can be predicted accurately from a 
knowledge of the standard reduction potentials, the 
concentration of the solution, and the overvoltage at 
each electrode for the current density used. If an elec- 
tromotive series chart such as that in Table 3 is avail- 


‘ 
' 


able, undergraduates should have little difficulty in 


predicting the products of electrolysis. Standard re- 
duction potentials are given and in addition the reduc- 
tion potentials of the hydrogen and oxygen electrodes in 
10-7 M and 10-* M solutions of hydronium and hy- 
droxyl ions. It should be obvious that the greater the 
reduction potential, the easier the reduction if the com- 
plicating factor of overvoltage is disregarded. This 
involves little error for the metal-metal ion electrodes 
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which behave reversibly at low current densities. How- 
ever, when hydrogen is released on some metal elec- 
trodes, notably mercury, overvoltage must be taken into 
consideration. It should also be clear that the lower 
the concentration of the hydronium ion in a solution, 
the less easily will it be reduced at the cathode, as shown 
by the lower values of its reduction potentials. 

Aqueous solutions of salts contain hydronium as well 
asmetalions. The fact that ions of metals below hydro- 
gen in the series are easily reduced will cause these met- 
als to plate out on the cathode and prevent the libera- 
tion of hydrogen even from strongly acid solutions. 

From neutral solutions, in which the reduction po- 
tential of hydrogen is —0.41 v., it should be possible to 
plate out the metals up to and including cadmium from 
1 M solutions. Once cadmium plates out, however, the 
overvoltage of hydrogen on cadmium of 0.48 v. raises 
the hydrogen decomposition potential to —0.89 v. and 
permits the deposition of this metal from acid solutions. 
Similarly, the overvoltage of 0.70 v. for hydrogen on 
zine permits zinc plating from neutral solutions in 
which the decomposition potentials of hydrogen and 
zine are —1.11v. and —0.76v., respectively. However, 
the reduction potentials of the alkali and alkaline earth 
metals are so low that these can never be deposited 
as free metals from aqueous solution. 

The deposition of sodium on and into a mercury cath- 
ode from aqueous solution is an interesting reduction 
used in the Castner cell for making sodium hydroxide. 


The sodium is not only dissolved in the mercury but 
actually chemically combined with it. The oxidation of 
sodium from such an amalgam is consequently more dif- 
ficult, and the reduction of the sodium ion into the 


amalgam correspondingly easier. Thus the reduction 
potential of the dilute sodium-amalgam electrode is 
about —1.2 v. On the other hand, the overvoltage of 
hydrogen on mercury amounts to 0.89 v. This and the 
reduction potential of hydrogen from neutral solution of 
—0.41 v. bring its decomposition potential to —1.3 v., 
or even less in slightly alkaline solutions. Thus in this 
special case the sodium ion is easier to reduce than the 


hydronium ion. 
OXIDATION AT THE ANODE 


At the anode oxidation takes place, which may in- 
volve the metal atoms of the electrode going into solu- 
tion as positive ions or the oxidation of some nonmetal 
in a negative ion. The higher the oxidation in the elec- 
tromotive series, the more readily will it take place. 
Thus if the anode is composed of any metal other than 
platinum and perhaps gold, the metal atoms will go into 
solution as ions, leaving electrons behind on the elec- 
trode. Even if.a solution could be prepared in which 
the concentrations of Ag+ and OH~ were 1 M without 
precipitating silver oxide, the high oxygen overvoltage 
would lower its decomposition potential to 0.85 v. and 
make the oxidation of silver to silver ion easier. 

The discharge of negative ions involves a considera- 
tion of the sulfide, the halide, and the hydroxy] ions only. 
If it did occur, the discharge of such oxygen-containing 


Ag 
OH- (10-7 M) O2 
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ions as sulfate and phosphate would involve the oxida- 
tion of oxygen only in some such mechanism as, for ex- 
ample, 
SO.- — SO; + !/2 O2 + 2e- 
SO; oe H,O —— H.SO, 
H.SOQ, + 2H,0 — 2H;0* + SO," 


Here the sulfate ion would be regenerated, which makes 
this mechanism highly improbable. 

The oxygen overvoltage of 0.45 v. or greater brings its 
decomposition potential to 1.3 v. from neutral solu- 
tions. Hence the sulfide or halide ions will be oxidized 
to sulfur or a halogen on platinum electrodes. However 
oxygen may be liberated from dilute chloride solutions. 

In general, if the negative ion contains oxygen, the 
hydroxy] ion will be discharged. 


40H- — O, + 2H20 + 4e— 
The resulting decrease in the hydroxyl-ion concentra- 


tion will result in an increase in the hydronium-ion con- 
centration in the solution around the anode. 





TABLE 3 
The Electromotive Series 





Reduc- 
tion 
Potential 
—2.96 v. 
—2.92 
—2.76 


—2.71 
—1.87 


Reaction 


Li 2 Lit + e— 
Kekt+e- 
Ca = Cat*t +2 6€- 
Na @ Nat + e— 
Mg * Mg @ Mgt*t +26 
H;O+ (10-14 M) He -{- 2H.O a2 
2H;0+ + 2e- 
Zn++ Zn = Zn*t + Qe- 
Cr++ Cr = Crtt + 2e- 
Fett Fe = Fet+ + 2€— 
H;0+ (10-7 M) H: + 2H,0 = 
2H;O+ + 2 «- 
Cdt++ Cd = Cdtt + 2e- 
Nitt Ni = Nit* + 2e- 
Sn*t+ Sn —Sntt + 2e- 
Pbt+t Pb @ Pbhtt + 2e- 
H;0* (1 M) H, + 2H.0 2 
Sntt+++ 


Reduced Form Oxidized Form 
Lit 





2H;0* + 2e- 
Snt+ — Snt+t++ +4 


Qe- 
8 HS + 2H.0 2S + 
2 H;0+ + 2e- 
Cutt Cu @ Cutt + 2e- 


Cu 
OH- (1 M) Oz 


\ a I, 
Fett Fett+ 


Hg Hgt* 
Agt 


Fet++ = Fettt+ + 


- 

Hg = Hgt+ + 26- 

Ag @Agt +e 

40H- =O, + 2H,0 
+ 4e— 

Te ~ = 


Br- 
OH- (10-4 M) O, 


Cl- Cl. 


Os al 2Cr+++ + 21 HO 


ae Cr,07" ae 

14H;0 + + 6e- 
Mn++ + 12H,0 = 

Mn0O,- + 8H;0+ 


+ 5e— 
ad 2F- = F, + 2e— 


Mntt+ 
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THE PROBLEM OF TEACHING ELECTROLYSIS 

In the general chemistry course the allocation of the 
limited time available to the topics which must be con- 
sidered is a difficult problem. If this problem did not 
exist, the material presented in this paper would not 
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be beyond the comprehension of the average college 
freshman. However, it does exist and the instructor 
must decide how much may be omitted to retain a quali- 
tative treatment which will do no violence to the facts 
and the accepted theory. 


e THE REQUIREMENTS FOR FRUITFUL RESEARCH 


Much of the confusion which attaches to the discussions on 
the function of research owes its origin to the lack of any 
definition of the word “‘research.’”’ In its present use the word 
covers two distinct activities, usually termed pure or funda- 
mental research and applied research. Though distinct, these 
activities merge into each other. Lest that appear too para- 
doxical, it is well to make the point perfectly clear, for it lies at 
the root of the present confusion. 

To most people, sin and goodness are as the poles asunder. 
Yet the following statement has recently been met with: ‘Sin 
and goodness may be synonymous and exchangeable terms in 
the same action in two different people.”! That is true of 
research; it is the mental outlook of the worker and neither the 
problem nor the technical mode of attack that constitutes the 
essential difference and decides whether a piece of research is 
pure or applied. 

It would help to clarify the position if the term “research” 
were restricted to “pure research’ and a new term found for 
“applied research.” ‘Technology’? perhaps most nearly fills 
the bill, but it already conveys a rather definite sense; though 
here, too, there is considerable latitude in use observable. In a 
recent article on sugar cane technology? occurs the following: 
“The technological structure may be outlined as follows: (1) 
Pure scientific research and publication of fundamental knowl- 
edge; (2) adaptation of the new facts to practical production.” 

Here, reversing common procedure, pure research is repre- 
sented as a branch of technology. In the following, the term 
“research’’ is used to cover both pure and applied research, but 
the term ‘research worker” is restricted to the worker in pure 
research, and the term “‘interpreter’”—a term suggested by the 
author? in default of any more appropriate one—used for the 
worker in applied research. 

The outstanding feature of recent years has been the rapid 
growth of the application of the results of pure research to 
materialistic and economic ends. It is unnecessary to particu- 
larize; examples from all branches of scientific investigation 
readily come to the mind. It is this fact that has led to the 
clamant demands for greater facilities for research and, since it 
is the interpreter who comes into closest touch with the material- 
istic world, the facilities sought to be provided by planning are 
those best calculated to deliver the goods. That demand, 
however, neglects the distinction drawn above, and there is 
grave danger that, in this planning, the very different nature of 
the facilities required for the conduct of pure research will be 
overlooked. This is a growing danger because, numerically, the 
interpreters will progressively outnumber the research workers. 

Any consideration of the different facilities required, respec- 
tively, by the research worker and the interpreter must take into 
account the fact that it is not the problem itself nor the technical 
appointments required for its solution, necessary as the latter are, 
which will determine the nature of those facilities. It is the con- 
ditions which will call forth in each the correct mental outlook, 
that must be provided. This involves psychological considera- 
tions. Essential to this aspect is the atmosphere in which the 
work is conducted. For the research worker is required an 


1 Seaver, G., ‘Edward Wilson: Nature-Lover.” ‘* 

2 Intern. Sugar J., 48, 38 (1945). . 

8 Note circulated to the Parliamentary and Scientific Com- 
mittee. 





atmosphere of freedom; that freedom which will allow him to 
follow his bent wherever it may lead him. Such work is con- 
ducted for the work’s sake, without thought of possible material 
uses; and it is such work that lays the foundation of all tech- 
nical development. It was not the search for a means of har- 
nessing atomic energy that formed the incentive to the study 
of the structure of the atom, but the urge to extend the bounds 
of human knowledge. 

Such men, with the imaginative mind of the research worker, 
are born, not made, and probably are few in number. The 
psychology involved is that of the individual. Productive work will 
follow according as success is achieved in seeking them out and 
in providing an atmosphere which takes account of that psycho- 
logical fact. 

The mentality of the interpreter is of a different order, the 
mentality of the inventor endowed by training with the capacity 
to appreciate, and the technical skill to carry to their practical 
ends the results of pure research. His goal is set and he must 
resist the very human desire to follow his bent wherever it may 
lead. His, too, is a mentality which is more common than that 
of the research worker, and the demand for his service is great. 
Here mass psychology is involved and practical achievement will 
follow only when an atmosphere is provided which takes that 
fact into account. 

The conditions which will provide the two necessary atmos- 
pheres are not difficult to define. It is in the atmosphere which 
should be provided by a university that the research worker will 
have opportunity for his fullest expression. His status in this 
is that of an intellectual and it is as such, and not as a research 
worker, that his emoluments should be determined. These 
emoluments should be adequate and even generous, but no plea 
for special consideration on the grounds that research workers in 
the applied field—interpreters—secure higher emoluments should 
be admitted. That such a plea is sometimes advanced is sufficient 
evidence of the confusion of thought to which attention has been 
drawn above, and of the need of some such title as the proposed 
‘Gnterpreter” for the latter worker. 

It is of equal importance, too, that a university should rigidly 
guard its freedom and abstain from entering the field of applied 
research. A university normally performs two functions; it de- 
velops schools of pure research in different subjects, and it offers 
facilities for higher studies. It is organized in faculties, each in 
charge of a professor. It is a primary function of a professor to 
build around himself a team of research workers; his secondary 
task, so to use the educational facilities of his faculty that the 
students are sifted according to their mentalities; on the one 
hand, the potential research workers, and on the other the larger 
number of interpreters. 

For the interpreter, the appropriate atmosphere will be found 
within the organized body of industry. His function is to deliver 
the goods; it is industry alone which can measure his success, 
and is consequently in a position to adjust his reward accord- 
ingly. It is of interpreters that numbers are required; adequate 
material reward must be offered if the best men in adequate 
numbers are to be attracted. Being versatile, and more mate- 
rially minded than the research worker, the interpreter can sell 
his services to the highest bidder in a competitive market.— 
Reprinted with permission from The International Sugar Journal 
(September, 1946). 





A SELF-REGULATING ELECTROLYTIC 
IMMERSION HEATER 


In rue heater herein described, heat is produced by 
the well-known action of an electric current passing 
through an aqueous solution of a salt. The unique fea- 
ture is the incorporation in the heater itself of the means 
for making and breaking the circuit in response to 
changes in the temperature of the surrounding fluid, 
thus eliminating the need for a separate controlling de- 
vice. This is accomplished very simply by enclosing 
one or both of the electrodes in a gas-tight chamber in 
which expansion of the enclosed air pushes the electro- 
lyte away from the electrode. The application of these 
principles is almost self-evident in Figure 1 and in 
Figure 2, A. 

Heaters similar to that shown in Figure 1 have proved 
quite satisfactory for control of temperature of aquaria 
within ranges suitable for tropical fish. Other uses for 
which it may be found to be suitable are suggested: 
for the control of temperature of aquaria for experi- 
mental aquatic animals in biological, physiological, and 
biochemical laboratories; for water baths for the pro- 
motion or inhibition of enzyme action or bacterial 
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166 


FREDERIC E. HOLMES 
Cincinnati, Ohio 


growth; for promotion of chemical reactions at moder- 
ately elevated temperatures—for example, for acceler- 
ation of biological or spontaneous chemical oxidations 
which do not involve precise gas measurements in the 
bath; for volatilization of low-boiling liquids in solvent 
extractions; and for other purposes for which a vari- 
ation of plus or minus 1 to 2°C. may be tolerated. Al- 
though it is not designed to facilitate measurement and 
study of its operating characteristics, the apparatus 
itself may be of interest to students of elementary phys- 
ics and physical chemistry. 

Some of the advantages of the apparatus may be 
enumerated as follows: ease of construction, from 
readily available material and at low cost, making it 
especially adaptable for use in school laboratories; 
operation at low temperature, which is important where 
living specimens may come in contact with the heater; 
absence of radio “interference” (clicks and crackling 
produced in receivers by sparking of bimetallic regu- 
lators); and possibly some minor advantages in effi- 
ciency, characteristic of electrolytic immersion heaters 
operating at low temperatures. 


CONSTRUCTION 


Glass is the obvious material for the containing vessel 
because of its electrical insulating property and chemi- 
cal resistance. The simplest satisfactory form, shown 
in Figure 2, C, consists of an 18-mm. tube with plain 
bends. Figure 2, B, shows in perspective a form which 
fits conveniently into the corner of a rectangular tank 
and provides an extensive horizontal heating surface. 
In common with other forms having a large closed arm 
(25 to 28 mm.) attached to a salt bridge of smaller tub- 
ing (15 to 18 mm.), it gives slightly closer temperature 
control. A vessel has also been used (not shown here) 
in which the parts have a triangular arrangement simi- 
lar to C, but tubing larger than that of the salt bridge 
is used for the open and closed arms. Plain U-tubes 
were tested, but were found to lack sufficient heating 
capacity. In all models made, the tops of the two arms 
have been brought into close proximity, as in Figure 
2, B and C, for convenience in wiring. 

Heaters of greater capacity have been made, having 
longer and larger tubing (28 mm.) in the salt bridge. 
Most amateur glass blowers will find difficulty in mak- 
ing smooth, uniform bends in large tubing. Figure 2, 
D, represents an attainable compromise, not entirely 
satisfactory because of the constriction, but mechani- 
cally strong, having an outer wall that is not too thin 
and a smooth profile on the inside of the bend, free of 
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lumps and ridges which often introduce dangerous 
stresses. The walls have been thickened by heating 
and gently pushing the tubing toward the middle of the 
heated portion until the walls are about five times their 
original thickness and the lumen has shrunk to about 
one-third. This heated portion has then been drawn 
out slightly, bent to the desired angle, and blown out 
again to a little more than half its original diameter. 

Vessels have been tested which have closed arms of 
diameter larger than that of the salt bridge and open 
arms of the same tubing as the bridge. They function 
well in the narrow range of temperature encountered 
during operation, but may draw in air on cooling when 
not in use. 

Electrodes have been made of carbon rods (are or 
welding carbons) or of carbon rods attached to brass 
rods, because of the resistance of carbon to corrosion in 
salt solution. Rods of */,6-, '/4-, and 5/is-inch diameter 
(4.7-, 6.3-, and 7.8-mm.) have been used, depending on 
the diameter of tubing of the glass parts. The lead-in 
wires may be attached to all-carbon electrodes by pass- 
ing them through a tiny hole drilled transversely 
through the carbon and then covering the joint tightly 
with tape or a short piece of snug rubber tubing to hold 
them in place. A 1/s-inch (3-mm.) brass rod may be 
attached to the 5/:.-inch carbon by drilling a slightly 
larger hole in the end of the carbon rod and puddling 
solder into the space between brass and carbon. The 
brass rod is easily thrust through a small tight hole in 
the supporting rubber stopper and furnishes a suitable 
terminal for soldering to the lead-in wires. 

During insertion of the stopper carrying the electrode 
in the closed arm, it may be manipulated to bring the 
end of the electrode into the center of the tube. This 
is important, to promote a clean break and prevent de- 
position of salt crystals at a point where they may form 
a bridge between electrode and electrolyte. For best 
performance in vessels having two sizes of tubing, the 
lower end of the electrode should be in the funnel-shaped 
portion joining the two tubes and about 3 mm. above 
the end of the smaller tube. The carbon portion of the 
other electrode, E., should extend nearly the entire 
length of the open arm. It is not important whether 
itis centered. Figure 1 shows these details. 

The conducting path between electrodes in the salt 
solution may be of any length between 50 mm. and 300 
mm. for heaters having a salt bridge of 15- to 18-mm. 
tubing. Greater length in proportion to the square of 
the diameter is suitable in larger tubing. 


SALT SOLUTION 


For 110-volt (alternating) current in a salt bridge of 
15- to 18-mm. tubing, the electrolyte consists of a solu- 
tion of sodium chloride in water containing between 1.5 
and 3 per cent of salt for each one inch (25 mm.) of 
length of path between electrodes. Convenient con- 
centrations may be obtained by diluting a saturated 
solution of sodium chloride: one-third saturated (ap- 
proximately 12 per cent) for a path of 4 to 6 inches 
(100 to 150 mm.); and one-half saturated (approxi- 
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Figure 2. Various other forms of the apparatus 


mately 18 per cent) for 6 to 12 inches (150 to 300 mm.). 
Approximately five per cent of glycerin is added to pre- 
vent deposition of salt on electrode #;. In sizes of tub- 
ing larger than 18 mm. the salt bridge may be made 
longer in direct proportion to the square of the diameter, 
or the solution may be diluted proportionally. 

The stopper in the open arm is lifted and an amount 
of electrolyte estimated to be sufficient is poured into 
the vessel. With the stopper again in place and with a 
finger over the vent, the heater is tipped until the solu- 
tion just touches the end of electrode EZ. More elec- 
trolyte may be added to bring the level in the open arm 
to a little above the middle, or about 20 mm. below the 
top of the carbon of carbon-brass electrodes. 


ADJUSTMENT OF TEMPERATURE CONTROL 


The operating temperature is raised by transferring 
a small bubble from the closed to the open arm, or 
lowered by transferring one in the opposite direction. 
The heater will approach stability in a few hours, but 
may require a few days to become completely adjusted. 
Immediate adjustment to the maximum temperature 
is difficult. It is easier to make small adjustments when 
the bath goes above the desired maximum or below the 
minimum temperature. Error in measurement of bath 
temperature due to position of the thermometer should 
be considered before attributing deviation from the 
desired range to the adjustment of the heater, especially 
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in the case of thermometers having their bulbs on or 
near the bottom in aquaria in which artificial circulation 
is not maintained. Once reached, the adjustment is 
remarkably stable except for minor variation due to 
barometric change. 


UNSATISFACTORY HEATERS 


Consideration of the principles of operation of the 
foregoing forms of heaters may lead to attempts to use 
forms which have been found to be unsatisfactory. 
They are presented here to enable the reader to avoid 
modifications which have been found to be inferior in 
operation. 

The extremely simple heater shown in Figure 2, A, 
may be convenient for laboratory demonstration but is 
not practical for its intended purpose. It utilizes the 
water of the aquarium, or tap water, or other dilute 
electrolyte solutions in a bath, as the conducting and 
heating medium between the closely placed electrodes. 
It is dangerous to fish in aquaria, probably because of 
continuous liberation of gas from solution which even- 
tually exhausts the dissolved oxygen to a degree insuffi- 
cient to support life. It is unsatisfactory for other 
heated baths because of a tendency to drift to lower 
temperatures due to accumulation of gas and to accu- 
mulation of distilled water around the electrodes. 

To attain various anticipated minor advantages, a 
vessel was built in which the circuit was opened by 
breaking the conducting path in the electrolyte at some 
point in the salt bridge. The temperature control was 
found to fluctuate widely because of deposition of wet 
salt crystals at the point of separation. 

Efforts to utilize the water vapor generated in the 
closed arm as a medium of heat transfer by increasing 
the surface area of the closed arm did not seem to offer 
any advantage. Diffusion is slow and localized. The 

_ temperature gradient appears to be too low. 


DISCUSSION OF OPERATION 


The major mechanism of operation was mentioned 
in the introduction. 
Heaters will not continue to operate on direct current 


because of electrolysis. On 60-cycle alternating cur- 
rent, production of gas by electrolysis cannot be de- 
tected. Formation of bubbles at the electrodes during 
the initial period of operation is due to liberation of dis- 
solved gases and does not persist. 

Rise in temperature of the electrolyte produces an in- 
crease of both air pressure and vapor pressure in the 
closed arm in advance of that due to rise in temperature 
of the aquarium or bath. Consequently, the heater it- 
self does not reach excessively high temperature, and 
the maximum temperature of the bath is approached 
by a series of on-and-off oscillations of the heater which 
prevent overheating of the bath. 

Local overheating produces both beneficial and dele- 
terious effects. At the end of electrode EF; at the time 
of break, the effect is to speed the break, preventing or 
diminishing arcing and possibly decreasing the interval 
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between periods of closed circuit by producing less va- 
por (at higher pressure) with a higher temperature and 
less latent heat. On the other hand, an electrode of too 
small cross-section area probably decreases heat produc- 
tion by shortening the period of closed circuit. Local 
overheating in the salt bridge below the closed arm is 
probably necessary for the production of convection 
currents in the salt solution which prevent accumu- 
lation of refluxed distilled water around the electrode 
E;.. For this purpose the effect of lower resistance in 
the shorter path on the inside of the bend of the salt 
bridge is sufficient. Constrictions in the glass tubing 
which narrow the conducting path often produce ex- 
cessive local heating, result in breaking the circuit be- 
fore sufficient heat can be produced in the rest of the 
salt solution, and are no longer used to promote con- 
vection currents. Overheating in parts of the salt 
bridge remote from the closed arm has little or no effect 
on the temperature control. 

Since the amount of heat produced and transferred to 
the bath is dependent upon the ratio between duration 
of closed circuit and the intervening intervals of open 
circuit, which is in turn dependent upon the difference 
between the temperature of the air and vapor in the 
closed arm and that of the bath, some drop in tempera- 
ture of the bath must occur to bring the production of 
heat into equilibrium with loss from the bath when the 
temperature of the environment becomes lower. Al- 
though these conditions have not been carefully meas- 
ured, aquaria have been held to a drop of less than 3°C. 
(5.4°F.) when the room temperature went down to 5 
to 10°C. (40 to 50°F.) overnight. The foregoing ten- 
dency toward lowering of temperature may be compen- 
sated for, or even overbalanced, by the effect of cold air 
on the portion of the closed arm which extends above 
the water of the bath. The temperatures of aquaria on 
a winter morning have occasionally been found to be 
above those of the previous evening. 

Ordinary changes in barometric pressure produce 
variations in temperature through a range of about 
2.5°C, (4 to 5°F.). 

Further increase in the size of the closed arm and the 
volume of air enclosed in it would be expected to make 
the control more accurate and increase the load which 
the heater can carry. It would not eliminate the vari- 
ations due to barometric changes. 

Convection currents from the salt bridge carry warm 
salt solution throughout the open arm, thereby includ- 
ing this portion of the vessel in the total area through 
which heat is delivered to the bath. 

Practicable devices have been considered for compen- 
sating for barometric change, improvement of accuracy, 
and extension of heating surface. Their incorporation 
would sacrifice the chief advantage over more elaborate 
apparatus now available, simplicity and low cost, with- 
out gaining any other advantages. 

Patents are pending covering the structures disclosed 
in this paper. Permission is granted to teachers to 
build the apparatus for classroom instruction. 





DR. HENRY MOYES, SCOTCH CHEMIST’ 


Ow the banks of a stream in the Scottish countryside, 
about the year 1752, a child played among the ferns and 
flowers. Fascinated by the swift flowing waters, the 
boy’s attention was caught by a water wheel of a nearby 
mill. His infant mind puzzled over the fact that while 
the wheel turned one way, the water flowed in an op- 
posite direction. It was a scene which remained in his 
mind vividly for the rest of his life, because it was one 
of the last things he ever saw. A few months later, 
approximately at the age of three years, he was blinded 
as a result of smallpox. 

To his grief-stricken parents comfort might have 
come could they have foreseen that 30 years later, the 
eminent Dr. Joseph Priestley, in introducing their son 
to Sir Joseph Banks, President of the Royal Society, 
would refer to him as “‘an excellent lecturer in philos- 
ophy, and himself a phenomenon. . .being quite blind, 
and yet superior to most who see.”’ 

Henry Moyes, the subject of this sketch, was born in 
1750, at Kirckcaldy in the county of Fife, Scotland. Of 
his parents little is known beyond the fact that they 
sent the boy to a good school, and later entered him as 
a student at the University of Edinburgh. A natural 
bent for mechanics led him to train himself, while very 
young, in the use of edged tools. He made small 
windmills, a loom, and later a ‘good clock which was 
still in his mother’s home in 1795.” The scars on his 
hands bore mute testimony, through life, to his brave 
and persistent efforts. At Edinburgh he proved a 
brilliant student, and there acquired a knowledge of 
music, languages, mathematics, and chemistry, as well 
as other branches of the so-called Newtonian philosophy. 
He played the flute, harpischord, and other instruments 
and “sang agreeably.” 

His first venture in Edinburgh after graduating was 
a course of lectures upon the theory and practice of 
music, an undertaking which he soon abandoned for 
chemistry. At the University, Moyes was inspired by 
the lectures of the eminent Dr. Joseph Black, professor 
of chemistry, and it was to chemistry and natural phi- 
losophy that his future efforts were devoted. 

In 1779 Dr. Moyes went to England and during the 
next six years lectured on chemistry and natural philos- 
ophy in London and other ‘principal cities. He met 
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with immediate success. George Bew, a member of 
the Literary and Philosophical Society of Manchester, 
published in the Memoirs of the society (1789) an article 
entitled “Observations on blindness and on the em- 
ployment of other senses to supply the loss of sight.” 
The brief sketch of Henry Moyes contained in this 
paper supplies some of the available data in regard to 
him. We quote: 


As he was the first blind man... to lecture on chemistry, the 
novelty of this proposal excited curiosity and attention.... His 
voice was good, his articulation excellent. He spoke without 
affectation or conceit... . His art in performing experiments 
excited great interest. His lectures attracted the most eminent 
scholars of the realm.... When introduced to a company, for 
a time he remained silent. The sound directed him to judge of 
the dimensions of the room, the different voices and number of 
people present.... He was a striking instance of the power the 
human soul possesses of finding resources of satisfaction even 
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under the most rigorous calamities.... Destitute of other 
support than his genius, and doomed to “enduring darkness,” 
he remained cheerful and happy. 


In England, Moyes’ success as a lecturer was so out- 
standing that he was elected an honorary member of 
the Literary and Philosophical Society of Manchester. 
Others so honored were Thomas Cooper, Erasmus Dar- 
win, Benjamin Franklin, Lavoisier, Priestley, Benjamin 
Rush, Josiah Wedgwood, and Alexander Volta. 

The famous Lunar Society at Birmingham welcomed 
Dr. Moyes as an honored guest. This society, founded 
in 1766, consisted of a group of scientists who met once 
a month at the homes of the members on the Monday 
nearest to the full moon, ‘‘in order,’’ remarked Dr. 
Priestley, ‘‘to have the benefit of its light upon return- 
ing home.” Among its members were fellows of the 
Royal Society: Matthew Boulton, partner of James 
Watt, Richard Lovell Edgeworth, author and philoso- 
pher, Dr. William Withering, physician and chemist, 
James Watt, chemist and engineer, Erasmus Darwin, 
physician and poet, Mr.Samuel Galton, chemical philoso- 
pher, John Baskerville, inventor of the type which 
bears his name, and William Murdock, inventor of a 
gas-lighting system. Then, as now, scientists were 
required upon occasions to appear before legislative 
committees for questioning. Murdock was so sum- 
moned. ‘‘Do you mean to tell us,’’ asked a member 


of the Parliamentary Committee, “that it will be pos- 
sible to have a light without a wick?” 


“T do, indeed,” 
answered Murdock. ‘‘Ah, my friend,’ said the legis- 
lator, ‘‘you are trying to prove too much!” 

Dr. Moyes’ introduction to the Lunar Society ap- 
parently began about 1780. His associates were Joseph 
Priestley, James Watt, Edgeworth, Dr. Withering, 
Boulton, Galton, and Erasmus Darwin. Mary Ann, 
daughter of Mr. Galton (later Mrs. Schimmel Pennick), 
in her autobiography gives interesting descriptions of the 
Lunarians as they met in her father’shouse forameeting. 

Dr. Priestley she describes as a man “‘of admirable 
simplicity, gentleness and kindness of heart.... He, 
indeed, seemed present with God by recollection, and 
with man by cheerfulness.”’ 

James Watt is portrayed as a “‘deeply introverted 
and patiently observant philosopher...of a melan- 
cholic temperament. His head...bent forward. . .his 
shoulders stooping, and his chest falling in; his limbs 
lank and unmuscular and his complexion sallow. His 
intellectual development was magnificent.... His 
utterance was slow and unimpassioned, with a broad 
Scottish accent; his manner gentle, modest, and un- 
assuming.... In company where he was not known, 
unless spoken to, he might have passed the whole time 
in pursuing his own meditations.” 

“Quite different was the aspect of Dr. Withering— 
great were his powers of active investigation and ac- 
curate detail. He was kind but. ..his caution made his 
manner less open.”’ 

Mary Ann gives a vivid picture of a visit of Dr. Dar- 
win to her home: 
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Dr. Darwin drove up to our door in a “sulky.” The carriage 
was worn and bespattered with mud. Lashed on... was a pail 
for watering the horses, and some hay and oats beside it. In 
the top of the carriage was a sky light, with an awning which 
could be drawn over; this was to give light to the Doctor, who 
wrote most of his works on scraps of paper with a pencil as he 
travelled. The front of the carriage...was occupied by a 
receptacle for paper and pencils, likewise for a knife, fork, and 
spoon; on one side was a pile of books reaching from the floor 
to the front window of the carriage; on the other a hamper, 
containing fruit, sweetmeats, cream, and sugar.... We all 
hastened to the parlour window to see Dr. Darwin of whom we 
had heard so much.... What was my astonishment as he 
slowly got out of the carriage. His figure was vast and massive, 
his head almost buried in his shoulders. He wore a scratch wig 
tied in a little bob-tail behind. A habit of stammering made the 
closest attention necessary. The Doctor’s eye was most saga- 
cious, his observation most keen.... His horror of fermented 
liquors, his belief in the advantages of eating largely, and eating 
an almost immeasureable abundance of sweet things, was well 
known to his friends. 


A picture of initiation of members into the Lunar 
Society is given by Richard Lovell Edgeworth in his 
“Memoirs”: 


We practiced every means in our power, except personal insult, 
to try the temper and understanding of each candidate for ad- 
mission. Every prejudice, which his profession or situation in 
life might have led him to cherish, was attacked, exposed to 
argument, and ridiculed. The argument was always ingenious, 
and the ridicule sometimes coarse. 


Dr. Priestley wrote: 


We had nothing to do with the religious or political principles 
of each other; we were united by a common love of Science, 
which we thought sufficient to bring together persons of all dis- 
tinctions, Christians, Jews, Mohomotans and Heathens, Mon- 
archists and Republicans. 


The informal character of the meetings of the Society 
is indicated in a letter from James Watt to Erasmus 
Darwin (January 3, 1781): 


I beg that you would impress upon your memory the idea that 
you promised to dine with sundry men of learning at my house 
on Monday next.... For your encouragement there is a new 
book to be cut up, and it is to be determined whether or not heat 
is a compound of phlogiston and empyreal air, and whether a 
mirror can reflect the heat of the fire. I give you a friendly 
warning that you may be found wanting whichever opinion you 
adopt in the latter question, therefore, be cautious. If you are 
meek and humble, perhaps you may be told what light is made 
of, and also how to make it, and the theory proved both by 
synthesis and analysis. 


To this invitation Dr. Darwin replied: 


You know there is a perpetual war carried on between the 
devil and all holy men. Sometimes one prevails in an odd 
skirmish or so, and sometimes the other. Now, you must know 
that this said devil has played me a slippery trick, and, I fear, 
prevented me from coming to join the holy men at your house, 
by sending the measles... amongst nine beautiful children of 
Lord Paget’s. For I must suppose it is the work of the devil! 
Surely the Lord would never think of amusing himself by setting 
nine innocent little animals to cough their hearts up! 


Later, after Darwin removed to Derby, he wrote to 
the Society: 


I am here cut off from the milk of science, which flows in such 
redundant streams from your learned Luniticks, and which, I 
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can assure you, is a very great regret to me.... I hope philoso- 


phy and fire-engines continue to go well.... 


During the years of Moyes’ association with the 
Society, pneumatic chemistry was a favorite topic for 
discussion, with Priestley and Watt as chief contribu- 
tors. Moyes was given to argument, a trait which 
pleased Priestley but annoyed Watt. At a meeting at 
Watt’s house John Smeaton, a civil engineer, was a guest. 
Watt, writing to Boulton, commented: 


. We were receiving an account of his (Smeaton’s) experi- 
ments on rotatives and some new ones he has made, when un- 
luckily his facts did not agree with Dr. Moyes’ theories, which 
made Moyes contradict Smeaton, and brought on a dispute 
which lost us the information we hoped for, and took away all 
the pleasure of the meeting, as it lasted two hours without 
coming half an inch nearer the point. 


Stimulated by his success in England, Dr. Moyes 
decided to visit America. He set out on the long and 
arduous voyage across the Atlantic, and it is recorded 
that he arrived in Philadelphia on February 3, 1785. 
Announcement of his first lecture was made in The 
Pennsylvania Journal and Weekly Advertiser, February 
23, 1785: 


On Monday, the 14th instant, the learned and ingenious Dr. 
Moyes issued the first tickets for his Course of Lectures on the 
Philosophy of Chemistry and Natural History; on Friday the 
18th he delivered his first introductory lecture in the hall of the 
University, to an attentive audience of above 600 persons, the 
largest he has addressed in any one place. The friends of science 
and of this country will feel the highest satisfaction in seeing a 
reception so respectful given to a character of such extraordinary 
merit. 


The University referred to was the University of 
Pennsylvania, then located at Fourth and Arch Streets. 
The course consisted of 21 lectures, illustrated by a 
variety of experiments ‘‘which exhibit a full view of all 
those astonishing discoveries which must forever dis- 
tinguish the 18th century.’’ Three lectures were de- 
livered every week at sevenin the evening. The charge 
for gentlemen was a guinea, for ladies a half guinea, 
and for a single lecture, fifty cents. 

The syllabus of Dr. Moyes’ lectures was divided into 
eight major parts. The first two parts—covering heat, 
light, air, sound, and electricity—comprised nine lec- 
tures and appears as an abbreviated elementary course 
in physics. Inorganic chemistry discussions were given 
in Parts III to VI, inclusive. The first two lectures in 
this series included the corpuscular and elective attrac- 
tion ideas, a comprehensive discussion of solutions, 
crystallizations, acids (both mineral and vegetable), 
the alkalies (fossil, vegetable, and volatile), and salts. 
The two lectures constituting Part IV covered the earths 
(animal, vegetable, and mineral). The next four lec- 
tures covering Part V appear to be the most remarkable 
and complete, being devoted entirely to the metals, 
their metallurgy, properties, and uses. The metals are 
classified as follows: semi-metals (arsenic, mercury, 
antimony, bismuth, zinc, cobalt, nickel), the im/perfect 
metals (lead, tin, copper, iron), and the perfect metals 
(silver, gold, platinum). Dr. Moyes discussed 14 of 
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the 18 metals known at that period. Three out of the 
18 (molybdenum, tellurium, and tungsten) no doubt 
were unknown to Dr. Moyes as their dates of discovery 
are 1781, 1782, and 1783, respectively. In spite of this 
excellent series of lectures on the metals, one cannot 
help but notice the absence of a similar detailed outline 
of theeight known nonmetals (carbon, chlorine, fluorine, 
hydrogen, nitrogen, oxygen, phosphorus, and sulfur). 
In Part VI we find the general topic to be water. In 
one lecture he gave the opinions of philosophers con- 
cerning it, discussed hard and soft water, mineral and 
sea water, their analyses and purification. What 
might be classified now as some stray facts in organic 
chemistry were given by Dr. Moyes in two lectures in 
Part VII, on the gums, oils (essential and unctuous), 
sugars and their fermentation, coal, balsam, camphor, 
and tea. The concluding Part VIII consists of one 
lecture dealing wholly with animal substances and in- 
cludes some physiological chemistry. A brief listing 
includes digestion, digestive juices, nutrition, blood, 
milk, honey, and beeswax. 

Dr. Moyes’ success in Philadelphia was phenomonal. 
By the first of March, his audiences had grown in num- 
ber to one thousand. Any present-day chemist, con- 
descending to discuss the principles of modern chem- 
istry before a popular gathering, might be surprised to 
receive a paying audience of a thousand people; but 
one can imagine his consternation were he to read sub- 
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sequently in the newspapers intimate details of his 
taste in food and drink, annecdotes of his early child- 
hood, analyses of his mental attainments, and above all, 
laudatory poems addressed to him by ardent ladies 
and enthusiastic gentlemen. It was of public interest 
that he ate no meat and drank only “cyder,” beer, and 
wine mixed with water. His views on religion and 
metaphysics were quoted. Staid Philadelphia Quaker- 
men were moved to vie with the ladies in poetic praise 
of Dr. Moyes, as the following examples indicate: 


These simple lines proceed from one, 

Who, tho to doctor Moyes unknown, 
Yet wisheth him delight; 

In his researches into things, 

That useful information brings, 
When help’d by inward light. 

Tho’ of these scenes, to be partaker, 

I am too much the retired quaker, 
For public crowds t’ invite, 

Yet ’tis my hearty wish and pray’r, 

Thou may’st be heav’n’s peculiar care, 
Thy guide, the inward light! 


And from a lady: 


Blind was the bard, but to his soul was given, 
A light as clear as is the face of Heaven, 

And still, though darkness clouds his visual ray, 
On his enlightened mind is pour’d the day. 

A Newton’s genius aids the poet’s soul, 

Informs his spirits, and directs the whole 

Of his improving philosophic plan, 

Of piety to God, and love to Man. 


Henry Moyes was 35 years of age when he visited 
Philadelphia. A gentleman writing from this city to a 
friend in Charleston, gave this description of him: 
“His person is graceful, his voice strong and musical, 
and his manner in every respect agreeable. He con- 
ceals the loss of his eye-sight, by wearing a pair of spec- 
tacles.”” His popularity with the ladies is evidenced in a 
letter written May 2, 1785, by Susanna, called “Sukey,”’ 
Dillwyn, from Burlington, New Jersey, to her father in 


London: 


Thee has doubtless heard of, and perhaps seen the celebrated 
blind philosopher Doctor Moyes—celebrated he is in our part 
of the World—more so I imagine than he was in England.... 
He has given a course of 24 lectures on Natural Philosophy in 
the Hall of the Academy of Philadelphia. I attended the two 
last—one on air illustrated with several experiments, the other 
on echo and sound. They were very clever particularly the 
last so far as I could understand them which I must own to 
Thee my dear Father was not very fully tho I tried to give all 
my attention.... He has been greatly admired in this country 
. .. its amazing when he dines or drinks tea abroad what a crowd 
he draws after him. Sally Fisher or Daws—had I heard one 
afternoon 70 or 80 to drink tea with her when it was known 
that he was to be there—but he was not pleased and so went 
away and disappointed all of them.... 


The appeal of Dr. Moyes to the general public as well 
as to the intellectuals in Philadelphia was understand- 
able. Here he found a city weary of politics and the 
aftermath of war, where intellectual stimulus for the 
masses was wanting. Not since the days of 1764 when 
Ebenezer Kinnersley, coworker with Benjamin Franklin, 
went up and down the land giving popular lectures on 
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electricity had his like been seen. On the other hand, 
Philadelphia was the center of science in America. It 
was the site of Benjamin Franklin’s experiments in 
electricity, the home of the American Philosophical 
Society founded in 1744, and of the University of Penn- 
sylvania, the first college in America to give chemistry 
an Official place in the curriculum by appointing Ben- 
jamin Rush to an independent chair in that subject in 
1769. Here Moyes met William Smith of Aberdeen, 
first Provost of the University, John Morgan, a founder 
of the first medical school in our country, Benjamin 
Rush, and many others. These were men to test his 
intellectual mettle. Benjamin Rush became his firm 
friend and supporter. In Burlington, New Jersey, 
Moyes was entertained at the home of Dr. de Nor- 
mandie, who is credited with being the author of the 
first chemical paper printed in America (1768). It re- 
lated to an analysis of waters of a spring at Bristol, 
made with the use of the balance. 

Henry Moyes made no chemical discoveries, and his 
name is obscure in the history of the science. Yet it is 
significant that less than six years later, James Wood- 
house founded in Philadelphia the first chemical society 
in the United States, a society which immediately made 
itself useful to the citizens of the country by offering to f 
analyze minerals and other substances free of charge. 
Under the sponsorship of the Chemical Society of Phila- 
delphia, Robert Hare published his classic paper on 
the oxy-hydrogen blowpipe (1802). Benjamin Silliman, 
newly appointed professor of chemistry at Yale Uni- 
versity, journeyed to Philadelphia to study chemistry 
under James Woodhouse, with Robert Hare as a fellow 
student. Joseph Priestley’s advent in Philadelphia in 
1794 and Thomas Cooper’s activities here as author and 
teacher contributed to the city’s prestige in the field of 
chemical science. 

In the spring of 1785 Moyes left Philadelphia, and 
from Baltimore, on May 29th, wrote to Rush: 


Last night I delivered my tenth: lecture at Baltimore to an 
audience of about 200 persons and at the conclusion of the present 
course I shall immediately repair to Princetown, near here. 
I hope to avoid in some measure the intense heat of July and 
August.... 


Apparently at the request of Professor Rush of the 
University of Pennsylvania, Dr. Moyes included in this 
letter ‘“‘a list of apparatus, as seem to me to be indis- 


pensably necessary in every University.”” Some of the 


18 items listed were: 


A model of a Waggon, with several sets of wheels of different 
sizes to show advantages and disadvantages of each set; a 
Machine to estimate force of falling bodies; Air Pump; An 
Electrical Pump with Battery, Luminous; a Whirling table; 
Hydrostatic Balance; Sucking, Lifting, Forcing Pumps of Glass; 
Single and Double Mycroscope; Reflecting and Refractory 
Telescope; A Concave and Convex Mirror; Magic Lanthorn; 
Set of Artificial Magnets. 


Dr. Moyes suggested that some of this apparatus 
‘might be conveniently made in Philadelphia.” 
How long Moyes remained in “Princetown” after 
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leaving Baltimore and where he spent the remainder of 
the year, we do not know definitely. His next appear- 
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It 9 At this time Dr. Moyes petitioned the General As- 
‘iatol sembly of Pennsylvania for permission to use the As- 
’ # sembly Chamber for his lectures, during the recess of 
. [the House, adding that he ‘‘is at a loss to obtain an 
1d his : : 
-.. fm apartment sufficiently large, warm, and commodious 
t it is 7 
for that purpose.” The Assembly, apparently less 
Vood- # : : ae 
ciety fp Science conscious than the people, ordered his petition 
made @ lie on the table. On January 7, 1786, Moyes resumed 
ne te I his lectures at the hall of the University of Pennsylvania 
SW which was but a stone’s throw from his lodgings at 
arge, j Which was but a stone’s throw from his lodgings a 
ile. Fourth and Market Streets. 
* In February, 1786, a public dispensary was estab- 
ies lished in Philadelphia under the auspices of Rev. Dr. 
Uni. William White, Dr. Benjamin Rush, Dr. Caspar Wistar, 
istry William Shippen, and others, and Dr. Moyes accepted 
ow § 22 invitation from the Board to deliver two lectures 
em “for the benefit of this new charity” at 3 shillings, nine- 
‘and @ Pence for each lecture. 
id of Dr. Moyes bade farewell to Philadelphia in March, 
1786, and on May 5, wrote to Dr. Rush from Charles- 
and § ‘2 South Carolina: 
...to give some account of my success in Charleston. On 
the 16th of March we sailed from Philadelphia, & after a most 
O an @ tremendous passage we arrived here on the 10th of April. A 
sent § large packet of Introductory Letters procured me a polite recep- 
here. ff tion, & altho’ in the language of the Town every body is at 
and present enjoying the Country Air, yet my Lecture Room is 
much frequented, & often displays around Three Hundred. 
In the Harbour of Charleston there is now a British Vessel 
the fitted up with peculiar attention for the accommodation of 
this Passengers. It is expected she will sail upon the 22nd inst. & 
dis- f 28 my present Course of Twelve Lectures will be concluded 
the upon the 15th I intend to take my passage on board of her. 





Let me therefore request that ere long you will favor me with 
a Letter addressed to the Care of the Revd. Mr. Moyes Edin- 
burgh North Britain. A few days ago the Thermometer rose 
to 85 degrees, & this morning we found ourselves very com- 
fortably situated by a good Coal fire. It is these & similar 
changes in the Atmosphere that destroy the health of the Southern 
States. With best Compliments to Mrs. Rush, Mrs. Stockton, 
& her family, Dear Sir, I am with all respect, Your very much 
obliged & faithful Friend. P.S. I have just received the accept- 
able present of your ingenious oration, but being obliged to 
Embark tomorrow morning I have only time to thank you for 
this additional proof of your polite attention to me. Remember 
me kindly to Mrs. Rush, & to Miss Polly Stockton. Tell the 
latter that I can scarcely forgive her for so cruelly disappointing 
me at Philadelphia. Charleston May 24th, 1786. 
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One cannot refrain from wondering in what way 
Polly disappointed Henry. Could it be that he left 
his heart in Philadelphia? 

Moyes’ farewell lecture at Charleston was “On the 
history of factitious gases—namely, fixable air, inflam- 
mable air, nitrous air, phlogisticated air, and dephlo- 
gisticated air,” later known as carbon dioxide, hydro- 
gen, nitrogen, oxygen, and nitric oxide. 

Of Dr. Moyes’ departure from America, we have 
this record from Charleston, May 29, 1786: 


This afternoon went over the bar, the ship Amelia, Captain 
Caldcleugh, for London—Went passengers—Mr. Wilkinson, 
lady and family, Mr. Blackford, Mr. Peppin jun., Dr. Moyes 
and attendant ...and several other cabbin and steerage pas- 
sengers.... Dr. Moyes returns to Albion’s snowy cliffs.... It 
is hoped that he carried with him something like a competency— 
a proof that although America is drained of cash, she still pos- 
sessed sufficient liberality to reward a man whose abilities have 
been so eminently exerted to expand and improve the human 
mind. 

Upon his return to England, Dr. Moyes resided at 
Edinburgh. He visited Ireland in 4790, lecturing at 
Dublin and other cities. Eventually he séttled at 
Manchester, where he died on the 10th of August, 1807, 
at the age of 57. He bequeathed his estate to his 
brother, a clergyman at Cowgate, who in discussing the 
happiness of the life to come, is said to have remarked 
that one great benefit was “‘an easy introduction to the 
acquaintance of those very respectable persons, the 
angels.” 
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@ THE RELATIVE SOLUBILITIES OF SALTS 
OF CALCIUM, STRONTIUM, AND BARIUM 


Mosr laboratory manuals used in courses in general 
chemistry make either inadequate provision or no pro- 
vision at all for laboratory work that is directly related 
to the classroom study of the periodic arrangement of 
the elements and related subject matter. The experi- 
ment described herewith is one of several that may be 
used to advantage to illustrate trends in the properties 
of compounds formed by elements in a given periodic 
group. Essentially, the student determines the mini- 
mum volumes of solutions of ammonium sulfate, am- 
monium oxalate, and potassium chromate required to 
form permanent precipitates when added to separate 
solutions containing equivalent concentrations of cal- 
cium, strontium, and barium ions. The resulting data 
are interpreted in terms of relative solubilities, and 
from these data the trends in solubility become clear. 
The directions for the conduct of the experimental 
work are supplied to the student in the following form, 
together with suitable data sheets and pertinent ques- 
tions to be answered by the student upon completion. 


Rinse a buret once with tap water, twice with 10-ml. portions 
of distilled water, and once with 10 ml. of 0.05 M ammonium 
sulfate solution. Allow the buret to drain, then fill it with 0.05 M 
ammonium sulfate solution. Using a clean, dry graduated 
cylinder in each case, measure out as accurately as possible 
10.0-ml. pertions of 0.1 M solutions of calcium nitrate, strontium 
nitrate, and barium nitrate, and place these solutions into sepa- 
rate, clean, dry 100-ml. beakers. Stir the barium nitrate solution 
and add ammonium sulfate solution from the buret one drop at a 
time. Determine and record the volume of ammonium sulfate 
solution required for the first appearance of a precipitate of 
barium sulfate. Treat the strontium nitrate solution similarly, 
and finally add ammonium sulfate solution to the calcium nitrate 
solution. If necessary in either case, discontinue addition of 
ammonium sulfate solution if a precipitate is not observed after 
addition of 40 ml. of the ammonium sulfate solution. 

Empty the buret, rinse it with tap water, distilled water, and 
finally with 10 ml. of 0.1 M ammonium oxalate solution. Allow 
the buret to drain, then place in it about 15 ml. of 0.1 M am- 
monium oxalate solution. Place 10.0-ml. portions of 0.1 M 
solutions of the nitrates of calcium, strontium, and barium in 
separate, clean, dry beakers. To the calcium nitrate solution 
add (with stirring) ammonium oxalate solution from the buret 
one drop at a time and determine and record the volume of 
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ammonium oxalate solution required for the first appearance of 
a precipitate of calcium oxalate. Treat the strontium and barium 
nitrate solutions similarly. 

Clean and rinse the buret and carry out a similar series of 
experiments using 0.1 M potassium chromate solution and 
10.0-ml. portions of 0.05 M solutions of the nitrates of calcium, 
strontium, and barium. The beakers employed must be entirely 
clean if the first appearance of the precipitated chromates is to 
be observed readily. If, in any case, a precipitate is not observed 
after addition of 40 ml. of potassium chromate solution, dis- 
continue addition of the solution. 


In use with large classes at the University of Texas, 
this experiment has led to generally satisfactory results. 
The average time requirement is about one and one- 
half hours, which includes performance of each experi- 
ment in duplicate and the preparation of a very brief 
laboratory report. With but very few exceptions, the 
students reach the correct conclusions, 7. e., that the 
solubilities of the sulfates and chromates decrease while 
that of the oxalates increases with increase in atomic 
number of the alkaline-earth metal. 

In some cases, students have difficulty in detecting 
difference between the solubilities of strontium and 
calcium oxalates as well as the chromates. In the 
latter case use of a more concentrated solution of po- 
tassium chromate improves the distinction between 
strontium and calcium but makes it equally difficult to 
distinguish between barium and strontium. Unless 
instructed to the contrary, the student may reach er- 
roneous conclusions in those cases in which precipitates 
fail to form because of dilution. Otherwise, the chief 
difficulties encountered in the use of the experiment are 
the all too common ones, such as use of dirty glassware, 
inadvertent dilution of reagents, and similar faulty 
techniques. There is also a marked unwillingness on 
the part of the student to accept the first appearance of 
turbidity as evidence of the separation of a solid phase. 

The writer wishes to thank Dr. Thomas E. Moore 
and Dr. Norman Hackerman for their assistance in con- 
nection with the establishment of optimum conditions 
for use in the experiments described above and with the 
evaluation of the work of students. 





(Contribution from the Bailey Chemical Laboratories of the University of Kansas) 


® HYDROGEN BONDING and Some Observations On 
the Physical Properties of the Hydrogen Compounds 
of the Elements of Groups 4a, 5a, 6a, and 7a 


Tue racr that the periodic law is valid not only for 
the free elements, but also for corresponding compounds 
of the elements, has long been recognized. Paneth (1) 
has pointed out that the hydrides of the elements of 
Groups 4a, 5a, 6a, and 7a and Periods 2, 3, 4, and 5 of 
the periodic system behave as a homogeneous family, 
stating: “So far as their properties can be expressed 
numerically the values change very regularly within 
periods and groups of the natural system.”” Ammonia, 
water, and hydrogen fluoride are exceptions, since their 
physical properties are out of line with those of the 
other hydrides of their respective families. The reason 
for the abnormal behavior of these three hydrides has 
been generally attributed to molecular association 
through hydrogen bonding. The purpose of the present 
study is to make use of the general regularity in the 
properties of the hydrides to obtain, by extrapolation, 
hypothetical values for the boiling points, heats of va- 
porization, and melting points which water, ammonia, 
and hydrogen fluoride would be expected to have if no 
hydrogen bonding occurred. These data, on com- 
parison with experimental values of the corresponding 
physical properties, were expected to yield pertinent in- 
formation concerning hydrogen bonding in these sub- 
stances. 


@ PartI 


In Figures 1, 2, and 3 the normal melting points, the 
normal boiling points, and the molecular heats of va- 
porization at the boiling points of the hydrides of the 
elements of Groups 4a, 5a, 6a, and 7a, as well as the 
corresponding values for the free halogens and the inert 
gases, are plotted against the period number. (Re- 
ported value for the heat of vaporization of fluorine is 
anomalous; it does not follow Trouton’s rule, so the 
heats of vaporization of the halogens were not plotted.) 
These graphs are similar to those which have been 
drawn by Paneth (17), Pauling (18), and others. In 
discussing such data, Paneth stated that the values of 
these physical properties of the hydrides of the elements 
of a given group, and of the halogens and inert gases, 
appeared to vary approximately linearly for Periods 3, 
4, and 5, with Period 2? being low. It seems to us that 
the data are more accurately described by the statement 
that, except in the case of hydrides which form hydro- 

1 Present address: Dept. of Chemistry, Ohio State University, 


Columbus, Ohio. 
2 The first period consists of the two elements hydrogen and 


helium. 
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gen bonds, the physical properties vary linearly for 
Periods 2, 4, and 5, but that those of Period 3 are higher 
than would be given by this relationship. This generali- 
zation is, of course, only an approximation, but, view- 
ing the available data as a whole, it appears to be a 
good one in the case of the boiling points and heats of 
vaporization. The agreement is not so good in the 
case of melting points, the data for the Group 4a hy- 
drides being particularly erratic. The precision with 
which any such generalization as the above may be 
established is, of course, limited by the character of the 
available experimental data; reported values for heats 
of vaporization in the case of several of the hydrides 
vary over a wide range. 

On the basis of the assumptions stated above, and 
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the apparently reasonable assumption that the slopes of 
the lines connecting values of corresponding physical 
constants of the hydrides of the elements of Groups 5a, 
6a, and 7a are the same as the lines for Group 4a? (this 
assumption is, in general, supported by values for the 
hydrides of Periods 4 and 5, although the compounds of 
Period 2 are not comparable because of hydrogen bond- 
ing), extrapolation values for the heats of vaporization, 
melting points, and boiling points of ammonia, water, 
and hydrogen fluoride may be obtained. These are 
given in Table 1. We have assumed that these values 











TABLE 1 
NH; H.O HF 
AH, (kg.-cal./mol) 2.85 3.23 2.75 
Bp.0 as) 143. 161. 137. 
M. p. (°A.) 106. 153. 132. 





are reasonably close approximations to the values which 
the designated physical properties would have if no 
hydrogen bonding occurred in these hydrides. 

There appears, at first, to be no simple relation be- 





3 Hydrides of the elements of the four groups for each period 
are isoelectronic—. e., HF, HzO, H;N, and H.C are isoelectronic; 
HCl, H.S, H;P, and H,Si are isoelectronic, etc. It is reasonable 
to believe, therefore, that the change in van der Waals’ forces 
from period to period is about the same for the hydrides of the 
four groups. 
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tween these extrapolation values for ammonia, water,| 
and hydrogen fluoride and the corresponding actual 
values for methane (AH, = 2.12 kilo-calories, m. p. = 
89°A., and b. p. = 112°A.). However, closer examina- 
tion of the boiling point data shows that the values of 
the term T;/(8—n,) for the four hydrides, where n, is 
the group number (4, 5, 6, or 7) and 7’, is the boiling 
point in °A. (the hypothetical boiling points in the case 
of ammonia, water, and hydrogen fluoride), are in a 
geometric progression with a common ratio of 1.70, 
These values for the four hydrides are given by the 
equation 


Ta = (8 — mg) [a(r)"o~*] (1) 


where a = 47.5 andr = 1.70. Since we have assumed 
that the slopes of the lines giving the change of boiling 
point with period number for Periods 2, 4, and 5 are the 
same for all four groups, and since this slope is equal to 
36.6° per period, the boiling points for the whole series 
of hydrides of Groups 4a, 5a, 6a, and 7a are given by 
the following equation 


T's = (8 — mg) [a(r)"~*] + (mp — 2)8 + nad (2) 


where a = 47.5, r = 1.70, s (the slope) = 36.6, n, = 
the period number, 3; = 1 for period 3 and zero for all 
the other periods, and d = 14. The last term in the 
equation is necessary since, as has already been men- 
tioned, the third period values are higher than indicated 
by the linear relationship. 

A similar expression for the heats of vaporization of 
the hydrides has been derived. It is to be expected 
from Trouton’s rule that the boiling point equation and 
the equation giving heats of vaporization would be an- 
alogous. Such is the case, the equation for the heats 
of vaporization being 


AH, = (8 — ng) [a(r)"o~*] + (np — 2)8 + nad (3) 


where a = 0.95, r = 1.70, s = 0.73, ns = 1 for period 3 
and zero for all other periods, and d = 0.28. The 
values of the constants a, s, and d are 2/10 of the corre- 
sponding values in equation (2) and r is the same as in 
that equation. 

The boiling points and heats of vaporization calcu- 
lated for the various hydrides by equations (2) and (3) 
are compared with the corresponding experimental 
values (except for ammonia, water, and hydrogen fluor- 
ide, of course) in Tables 2 and 3. Since the reported 
values for the heats of vaporization of the hydrides vary 
over a considerable range, an experimental ‘“‘best” value 
was chosen as follows: All reports of original in- 
vestigators were averaged together, with the values ac- 
cepted by various standard references being given 
double weight. This procedure has its defects of 
course, but, under the circumstances, seemed to be the 
most desirable. Considering the uncertainty and lack 
of precision of some of the experimental data, it may be 
seen that the agreement with values calculated by equa- 





4 Except for the apparently very  gecad values for the melting 
points, boiling points, and heats of vaporization of HCl, HBr, 
and HI obtained by Giauque and Wiebe (8, 9, 10). 
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water, TABLE 2 
oie Boiling Points of the Hydrides* 
. p. = j —— z 
: Calculated Experimental Per cent 
amina- (24°) (Ae) deviation 
lues of} —— 
= le CH, (112) 112 = 
ty 18 SiH, 163 161 4.3 
boiling GeH, 185 184 0.5 
he case] - SnHa 222 221 0.5 
A NH;t 143 as afd 
emal pH, 194 187 3.7 
f 1.70, AsH; 216 218 0.9 
by the SbH; 253 256 1.2 
HOT 161 rer Kae 
HS 212 213 0.5 
()|  HsSe 234 231 1.3 
H.Te 271 272 0.4 
sumed) HG 188 188 0:0 
oiling} = HBr 210 206 1.9 
ire the HI 247 238 3.8 
jual to : ge 
hieetin Average 1.2 
‘en by ..* Data in this table were taken from Paneth (17), Mellor (15), 
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Giauque and Wiebe (8, 9, 10), and Egloff (7). 
+ These are calculated values for the substances without 
hydrogen bonding; there are no experimental values with which 


‘I they can be compared. 














TABLE 3 
Heats of Vaporization of the Hydrides* 
Experimental 
Calculated “best value”’ 
(kg.-cal. /mol) (kg.-cal./mol) 
1» CH, 2.24 2.12 
SiH, 3.25 2.98 
GeH, 3.70 3.65 
SnH, 4, 43 4. 5 
NH3tf 2.85 tee 
PH; 3.86 3.79 
AsH; 4.31 4.27 
SbH; 5.04 4.9-5.0 
HO} 3.23 wae 
HS 4.24 4.55 
H.Se 4.69 4.78 
H.Te 5.42 5.6 
HFt 2.75 ee 
HCl 3.76 3.86 
HBr 4.21 4.21 
HI 4.94 4.72 


*The range covered by reported experimental values were 
such that it did not seem worth while to give per cent deviations. 
The calculated values are all well within the range of experi- 
mental values in those cases where more than one report has 
been made. The data for this table were taken from Paneth (17), 
Giauque and Wiebe (8, 9, 10) , Landolt-Bornstein (12), Lange (13), 
Yost and Russell (20), and Bichowsky and Rossini (2). 

t See footnote under Table 2. 





tions (2) and (8) is fairly good. In the case of the heats 
of vaporization the calculated values are well within 
the range of experimental values reported, where more 
than one determination of the experimental value has 
been made. 

The melting points of the hydrides show much less 
regularity than do the boiling points and heats pf va- 
porization, and no general equation for calculating melt- 
ing points could be derived. This is to be expected, for 
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Heat of Vaporization (kg-cal. / mol) 





2 3 4 5 
Period Number 


Figure 3 


the melting point of a solid depends, to some extent, upon 
crystallographic properties which in turn depend upon 
the symmetry of the molecule. However, by making 
the same assumptions as for the boiling points—. e., 
that for hydrides of a given group the melting points 
change linearly with the period number for Periods 2, 
4, and 5 and that the slopes of these lines are the same 
for all groups—lines were drawn, which for all the non- 
associated hydrides except methane differed from the 
experimental melting point by no more than 10°. We 
believe, therefore, that these lines determine roughly 
approximate values for hypothetical freezing points of 
ammonia, water, and hydrogen fluoride, assuming no 
hydrogen bonding took place. These are the data 
given in Table 1. Lines drawn in the above manner fit 
experimental data for the free halogens quite well, and, 
in the case of the melting points of the inert gases, the 
agreement is fairly good. Abnormalities in the melting 
points of hydrogen iodide and methane have been noted 
by other writers (1). In any case, an error of 10° or 
even more in determining the hypothetical freezing 
points for water, ammonia, and hydrogen fluoride, with- 
out hydrogen bonding, would not seriously affect the 
calculations in the second part of this paper. 

In order to check the validity of our method of extra- 
polation, the boiling points of the methyl and ethyl 
derivatives of the hydrides of the elements of Groups 4a, 
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5a, 6a, and 7a were plotted against the period number. 
The results are shown in Figures 4 and 5. No hydrogen 
bonding is possible in the fully substituted methyl and 
ethyl derivatives of ammonia, water, and hydrogen 
fluoride of course. These plots therefore test the hy- 
pothesis that the boiling points of the compounds of 
elements of a given group vary linearly with period 
number for Periods 2, 4, and 5, but for Period 3 the boil- 
ing point is somewhat too high. As is indicated by 
Figures 4 and 5, the agreement with actual experimental 
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(CH | 





Period Number 
Figure 4 


data is good in the case of the ethyl compounds and 
fairly good for the methyls. There are some discrep- 
ancies, notably Si(CH3)4, C(C2Hs)s, and Se(CH3)2, which 
may in some measure be due to faulty experimental data. 
But the assumptions hold very well for the data as a 
whole. It will be noticed, however, that the slopes of 
the lines for the methyl and ethyl derivatives of the 
elements are not the same for the four groups as in the 
case of the hydrides. This might be expected, for the 
compounds H,Si, H3P, H2Se, and HCl are isoelectronic, 
while (CH3),Si, (CHs)3P, (CHs)2Se, and CH;Cl are not. 
The same is true of the ethyl derivatives. It is to be 
expected, therefore, that the rate of change of van der 
Waals’ forces with period number would change from 
group to group in the case of the methyl and ethyl de- 
rivatives. 
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It is interesting to note further that the boiling 
points of the methyl and ethyl derivatives of the second 
period elements, carbon, nitrogen, oxygen, and fluorine, 
can be expressed by an equation somewhat similar in 
form to that for the corresponding hydrides, 


b. p. = (8 — ng) [a(r) "0-5 + 0] (4) 


where n, = group number, a and r are constants having 
almost the same numerical value as in the case of the 
hydrides, and b is a constant dependent upon the par- 
ticular type derivative in question (7. e., methyl or 
ethyl). The equations for the methyl and ethyl deriy- 
atives, calculated values for the boiling points, and cor- 











responding experimental values are given in Table 4. 
TABLE 4 
Boiling Points* 
Calculated Experimental Per cent 
A.) “A) deviation 
Tp = (8 — mg) [47.5(1.77) "0-5 + 44.1] (5) 
Methy] derivatives 
C(CHs). 284 283 0.4 
N(CHs)3 275 277 0:7 
O(CH:3)e 256 249 2.8 
FCH; 193 195 1.0 
Average 1.2 
Tp = (8 — ng) [47.5(1.87) "0-5 + 74.6] (6) 
Ethyl derivatives 
C(C:Hs)4 400 412 2.9 
N(C2Hs)3 366 362 a 
O(C2Hs)2 327 308 6.2 
FC.H; 241 241 0.0 
Average 2.5 


* The experimental values listed in this table were taken from 
Lange (13). 





Presumably the heats of vaporization would also fol- 
low similar general equations in which values of a and b 
would be 2/1) as large as those in the above equations. 
Sufficient data for checking this assumption are not 
available, however. Furthermore, the equations for 
the boiling points of the methyl and ethyl compounds 
of the second period are not so readily extended to in- 
clude the corresponding compounds of Periods 3, 4, and 
5, because the slopes of the boiling point-period number 
lines for the various groups are not similar, as they are 
in the case of the hydrides. The fact that the boiling 
points and heats of vaporization of the hydrides of the 
elements of Groups 4a, 5a, 6a, and 7a, as well as the 
fully substituted methyl and ethyl derivatives of the 
elements of the second period, may be calculated from 
equations involving period and group numbers of the 
elements as variables indicates that physical properties 
directly related to boiling points and heats of vaporiza- 
tion, such as vapor pressures, ideal solubilities, internal 
pressures, etc., may be calculated from similar equa- 
tions. The authors have calculated the ideal solubili- 
ties of some of the hydrides in this way and found them 
to agree well with the experimentally reported solu- 
bilities of these hydrides in various organic solvents. 
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& Part II : 
By the methods described in the first part of this 


paper, values for the heats of vaporization of ammonia, 
water, and hydrogen fluoride of 2.85, 3.23, and 2.75 
kg.-cal./mol, respectively, were obtained, and we may 
assume that these values represent the heats of vapori- 
zation that these compounds would have if no hydro- 
gen bonding occurred. As was pointed out previously, 
the accuracy of equation (3) could not be closely 
checked because of the variation in experimental data 
on heats of vaporization. The constants employed in 
equation (3) are 2/100 of those of equation (2), which is in 
agreement with Trouton’s rule (7. e., that the entropy 
of vaporization at the boiling point is a constant equal 
to 0.02 kg.-cal./mol/degree). It may therefore be 
assumed that the accuracy of equation (3) is of the same 
order as that of equation (2). The fact that the vola- 
tile hydrides which do not form hydrogen bonds gener- 
ally obey Trouton’s rule is illustrated by the values for 
the entropies of vaporization given in Table 5. 








TABLE 5* 

Entropies of Vaporization (kg.-cal./mol/degree) 
H.C 0.0190 HS 0.0214 
HSi 0.0185 H.Se 0.0207 
H.Ge 0.0198 H.Te 0.0206 
H.Sn 0.0204 HCl 0.0205 
H;P 0.0203 HBr 0.0204 
H;As 0.0196 HI 0.0198 
H;Sb 0.0195 


Average = 0.0200 


* Data in this table were calculated from experimental values 
for heats of vaporization and boiling points given in Tables 2 
and 3. 





By means of the extrapolation procedures discussed 
in Part I estimates of 106°A., 153°A., and 132°A. are 
obtained for the melting points which ammonia, water, 
and hydrogen fluoride would have if no hydrogen bond- 
ing occurred. The heats of fusion which these com- 
pounds would have if no hydrogen bonding occurred 
cannot be estimated by an extrapolation procedure, for 
there are insufficient data available. However, for all 
of the hydrides which do not form hydrogen bonds and 
for which there are sufficient data, there is evidence 
that the entropy of fusion at the melting point is ap- 
proximately constant with a value averaging 0.0305 
kg.-cal./mol/degree. Such data are listed in Table 6. 








TABLE 6* 
Entropies of Fusion (kg.-cal./mol/degree) 
HS 0.0302 
HCl 0.0300 
HBr 0.0309 
HI 0.0309 
° Average = 0.0305 


* Calculated from heats of fusion and melting points given by 
Yost and Russell (20), and Giauque and Wiebe (8, 9, 10). 





Estimates of the heats of fusion which ammonia, water, 
and hydrogen fluoride would have, if no hydrogen bond- 
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ing occurred, were therefore obtained by multiplying 
0.0305 kg.-cal./mol/degree by the hypothetical values 
for the melting points of these compounds (without 
hydrogen bonding). These values were 0.32 kg.-cal./ 
mol for ammonia, 0.47 kg.-cal./mol for water, and 0.40 
kg.-cal./mol for hydrogen fluoride. 

Using these values, it is possible to estimate the mag- 
nitude of the energy of the oxygen to hydrogen to oxy- 
gen bond in water. This is done by comparing, under 
suitable conditions, the actual heat of sublimation of 
ice with a calculated value for this quantity, assuming 
no hydrogen bonding. 

The molecular heat of sublimation of ice at 273°A. is 
given by Dorsey (6) as 12.19 kg.-cal./mol. The molecu- 
lar heat of sublimation that solid water would have if 
no hydrogen bonding occurred may be obtained by add- 


Normal Boiling Point (*A) 





3 
Period Number 


Figure 5 


ing the heat of vaporization (without hydrogen bond- 
ing) and the heat of fusion (without hydrogen bonding) 
obtained as described above, 7. e., 3.23 + 0.47 = 3.70 
kg.-cal. This may be assumed to be the value of the 
heat of sublimation at the hypothetical melting point, 
153°A. The heat of vaporization refers to the hypo- 
thetical boiling point, 161°A., but the correction of this 
value to 153°A. would be insignificant. 

We may now ask what would be comparable con- 
ditions under which the two heats of sublimation could 
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be compared. Presumably the best conditions for com- 
parison would be those which correspond to the same 
vapor concentration in equilibrium with the solid; this 
is based upon the fact that it is under such conditions 
that normal liquids have the same entropy of vaporiza- 
tion (11). A reasonable estimate of the vapor pressure 
(and hence of the vapor concentration) of water in 
equilibrium with the hypothetical nonhydrogen-bonded 
water at its melting point is, however, out of the ques- 
tion. Fortunately, it may be shown that in the tem- 
perature range of 273°A. to 373°A.—a range which 
almost certainly includes the temperature at which the 
equilibrium vapor concentration is equal to that for the 
hypothetical case at 153°A.—the heat of sublimation 
of ordinary ice is nearly constant. This arises out of the 
fact that the heat capacities of ice at 273°A. and of 
water vapor at 373°A. are nearly the same and are 
changing at such a rate that the variation of AH, 
through that range is negligible for our purposes. 

Consequently, the values of 12.19 kg.-cal. for ordinary 
ice and 3.70 kg.-cal. for nonhydrogen-bonded ice may be 
considered comparable. Now, if we assume that in ice 
we have essentially complete hydrogen bonding and 
that water vapor is completely monomolecular, the 
difference in these two values represents the energy re- 
quired to break all the hydrogen bonds which one mol 
of water can form. Studies of the structure of ice have 
shown that there are two hydrogen bonds per molecule 
of water (1, 3, 5). The energy of the O—H...O bond 
is, therefore, equal to (12.19 — 3.70)/2 = 4.25 kg.-cal./ 
mol. This value does not differ greatly from that of 
4.5 kg.-cal./mol which Pauling (18) reported without 
giving the details of the procedure by which it was ob- 
tained. 

The heat of fusion of ordinary ice at 273°A. is 1.44 
kg.-cal./mol (6). As indicated above, the heat of fusion 
of solid water containing no hydrogen bonds would be 
about 0.47 kg.-cal./mol at 153°A. These values may 
be compared directly, even though at different tem- 
peratures, for extrapolation of existing heat capacity 
data for solid and liquid hydrides which do not form 
hydrogen bonds shows that the heat of fusion of such a 
nonhydrogen-bonded hydride varies only slightly in the 
temperature range from its melting point to tempera- 
tures more than 100° above its melting point. Thus, 
the fraction of the total possible hydrogen bonds which 
are broken when ordinary ice melts is given by the ex- 
pression 


1.44 — 0.47 


2(4.25) = 0.11 or 11 per cent 


which is not too greatly different from the value of 15 
per cent estimated by Pauling (18). 

A similar comparison of the heat of vaporization of 
ordinary water with the hypothetical value may be 
made. The hypothetical heat of vaporization at 
161°A. (the hypothetical boiling point) as determined 
by the methods described in the first part of this paper 
is 3.23 kg.-cal./mol. The heat of vaporization of ordi- 
The compari- 


nary water at 373° is 9.72 kg.-cal./mol. 
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son should, however, be made under conditions in which 
there are equal vapor concentrations for the two cases. 
According to the ideal gas equation, a vapor concen- 
tration of 0.079 M/I is in equilibrium with the hypo- 
thetical water at its boiling point (161°A.). The tem- 
perature at which the vapor concentration in equilib- 
rium with ordinary water is equal to this is 402°A. 
Correcting the heat of vaporization of ordinary water 
from 373°A. to 402°A., we obtain the following equa- 
tions: 


A( AH) = (Cpe) — Cpq@) AT 
= (8 — 18)29 = —290 cal./mol = —0.29 kg.-cal./mol 
AH, at 402°A. = 9.72 — 0.29 = 9.43 kg.-cal./mol 


The percentage of the total possible hydrogen bonds 
which are broken when water boils is then given by the 
expression : 


9.43 — 3.23 


2(4.25) = 0.73 or 73 per cent 


The sum of the percentage of hydrogen bonds broken 
on fusion (11 per cent) and the percentage broken on 
vaporization (73 per cent) is 84 per cent. This leaves 
16 per cent which are presumably broken in the tem- 
perature range between the melting point and the boil- 
ing point. 

These calculations do not take into consideration the 
fact that there is a little evidence that some of the hy- 
drogen bonds in ice are broken before it melts (4). 
However, the fraction of these bonds that are broken 
before melting occurs is probably quite small. In any 
case, the error which results from this factor would be 
in the value of the energy of the hydrogen bond; the 
ratio of the fractions of the number of bonds broken on 
melting, heating from melting point to boiling point, 
and boiling, respectively, would not be changed. 

A similar series of calculations has been carried out 
for ammonia. By the methods described above, the 
following values for the properties of the hypothetical 
nonhydrogen-bonded ammonia were obtained: boiling 
point 143°A., melting point 106°A., heat of vaporiza- 
tion at boiling point 2.85 kg.-cal./mol, and heat of 
fusion at melting point 0.34 kg.-cal./mol. Heat capac- 
ity data on the hypothetical liquid are not available so 
that correction of the hypothetical heat of vaporization 
from 143°A. to 106°A. cannot be made. However, in 
consideration of data on some of the nonhydrogen- 
bonded hydrides, it appears that the correction is prob- 
ably in the neighborhood of 0.25 kg.-cal./mol. Hence, 
the heat of sublimation of the hypothetical ammonia at 
106°A. would be given by 
= AHo(106°) + AHy(106°) 
= (2.85 + 0.25) + 0.34 
= 3.44 kg.-cal./mol 

The actual heat of vaporization of antmonia at 
240°A. is 5.58 kg.-cal./mol (16) and the heat of fusion at 
195°A. is 1.35 kg.-cal./mol (16). Correction of the 
value for the heat of vaporization to 195°A. was made 
using heat capacity data on the liquid and gaseous 
ammonia; the result of this correction gives a value of 
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6.02 kg.-cal./mol for the heat of vaporization at 195°A. 
The heat of sublimation at 195°A. is, therefore, equal 
to 7.37 kg.-cal./mol. 

Following the same argument as in the case of water, 
we may compare the hypothetical heat of sublimation 
with the actual heat of sublimation in order to obtain 
an estimate of the energy of the hydrogen bond in am- 
monia. According to the argument in the case of water, 
this comparison should be made at temperatures corre- 
sponding to equal vapor concentration in equilibrium 
with the solid. As in the case of water, no reasonable 
estimate of the vapor concentration in equilibrium with 
the hypothetical solid ammonia at its melting point may 
be made. However, the heat capacity data for solid 
and gaseous ammonia indicate that in the range 195° A. 
to 240°A., a range which almost certainly includes that 
temperature at which the vapor concentration in equi- 
librium with the solid is equal to that for the hypo- 
thetical case at 106°A. (the hypothetical melting point), 
the heat of sublimation of solid ammonia does not vary 
greatly. 

Thus, we may assume that the values 3.44 kg.-cal./ 
mol and 7.37 kg.-cal./mol for the hypothetical and 
actual cases, respectively, correspond to comparable 
conditions. The crystal structure of solid ammonia is 
such that each nitrogen atom is connected by hydrogen 
bonds to six other nitrogen atoms (1/4, 19). If we 
assume that hydrogen bonding is complete, there are 
three hydrogen bonds per molecule. Since ammonia 
vapor is monomolecular, the energy of the hydrogen 
bond in ammonia is given by the expression 


7.37. — 3.44 
3 


This value is in accord with that given by Pauling (18). 
We may likewise compare the hypothetical and actual 
values for the heat of fusion to obtain an estimate of 
the fraction of the total possible hydrogen bonds broken 
when solid ammonia melts: 


1.35 — 0.34 
3(1.31) 


The hypothetical heat of vaporization of ammonia 
at 143°A. (the hypothetical boiling point) may be com- 
pared with the actual heat of vaporization of ammonia 
at a temperature at which the vapor concentration in 
equilibrium with the liquid is the same as that for the 
hypothetical case at 143°A. The vapor concentration 
in equilibrium with the hypothetical liquid at 143°A. 
is, according to the ideal gas equation, 0.085 mol/liter. 
Vapor pressure-temperature data for liquid ammonia 
show that the temperature at which the vapor concen- 
tration in equilibrium with the actual liquid is equal to 
this value is 251°A. The heat of vaporization of 
liquid ammonia at 240°A. is 5.58 kg.-cal./mol. Cor- 
recting this value to 251°A., we obtain the value 5.48 
kg.-cal./mol. The percentage of the total number of 
hydrogen bonds which are broken when liquid ammonia 
boils is then given by the expression 


= 1.31 kg.-cal./mol 


= 0.26 or 26 per cent 
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5.48 — 2.85 
3(1.31) 


The sum of the percentages of the hydrogen bonds in 
ammonia which are broken on fusion and on boiling, 
respectively, is 93 per cent. The remaining 7 per cent 
presumably are broken as the liquid is heated ines its 
melting point to its boiling point. 

Calculations of this type cannot be made for hydro- 
gen fluoride, for, in this case, association through hydro- 
gen bonding persists in the vapor state. 


SUMMARY 


1. Values for the heats of vaporization, boiling 
points, and melting points of hypothetical, nonhydro- 
gen-bonded ammonia, water, and hydrogen fluoride 
have been obtained by extrapolation procedures based 
upon the corresponding properties of the other hydrides 
in their respective groups in the periodic system. 

2. By comparison of these hypothetical values with 
the actual experimental values, estimates of the energies 
of the hydrogen bonds in ammonia and water, respec- 
tively, were obtained. Estimates of the percentages of 
these bonds which are broken at the melting points and 
boiling points of these two substances were obtained 
also. 
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Since few schools offer courses in laboratory tech- 
nique, the average graduate student enters the field of 
research with only the meager experience he has gained 
in performing the experiments required in his under- 
graduate courses. A knowledge of the proper tech- 
niques greatly facilitates the solving of many manual 
problems encountered in laboratory research. The ex- 
perienced research scientist uses many such short cuts 
involving various simple devices and laboratory appa- 
ratus. 

In this article it is the author’s purpose to describe 
some of these laboratory aids which he has had the 
opportunity to observe and use. Originality is claimed 
in only a very few instances. It would be difficult to 
give credit for the original ideas because the material 
referred to either has never been published or has been 
described but has long since been forgotten. By the 
publication of such aids the author hopes to encourage 
the inclusion of similar useful techniques in textbooks 
and laboratory manuals. 


@ An Efficient Adjustable Laboratory Stirrer 


A DEVICE for stirring various kinds of mixtures that 
can easily be inserted through the small neck of a flask 
is sketched in Figure 1. 
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Figure 1. Stirrer in Various Positions 
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This stirrer consists of a rod, a, sleeve, b, joints, c, 
blades, d, and set-screw, ¢. The blades, fabricated from 
thin strips of any flexible metal, are attached to the 
sleeve and rod by ring joints, allowing a certain amount 
of freedom at the junctions. The blades may be con- 
structed with blunt, sharp, or notched edges, depending 
on the purpose for which the stirrer is to be used, and 
their number may be varied. 

For operation, the stirrer is lowered into the mixing 
vessel in position I; the rod is held firmly; the sleeve 
is lowered to produce the desired expansion of the 
blades, and fastened by means of the set-screw. The 
blades may be adjusted so that they lie in a plane 
parallel to the rod, as in position II, or oblique to it, as 
in position III, by holding the rod firm and rotating the 
sleeve to the desired position before tightening the set- 
screw. 

This type of stirrer permits high-speed stirring, the 
degree of agitation being varied easily by altering the 
expansion of the blades. Variable cutting or shearing 
action can be obtained by altering the type and setting 
of the blades. In round-bottomed containers, with 
blades of the proper length (6-inch blades, for example, 
are ideal in a 1-liter round-bottomed flask), the ex- 
panded stirrer conforms closely to the interior, and by 
keeping the reaction mass or slurry from adhering to 
the inner surfaces, insures good agitation. 


eS Three Types of Medicine Droppers 


OnE oF the most valuable and inexpensive pieces of 
laboratory equipment is the medicine dropper. After 
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Figure 2. Three Useful Types of Medicine Droppers 


a little practice at the blast lamp the student is able to 
draw droppers of varying reservoir length, different 
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capillary length, bore, and shape. A suitable rack for 
the different droppers while in use can be readily made 
by notching filter paper boxes. Three useful types of 
laboratory medicine droppers are shown in Figure 2. 
The regular shape (A) is useful for adding small 
amounts of solvents, as in recrystallization or for testing 
solubility. Shape (B), having a long fine capillary but 


to withstand slight pressure, among many other uses, 
serves particularly well when solvents must be filtered 
without loss by evaporation, as in the removal of filter 
paper fibers, particles, etc., from samples prepared for 
optical rotations. A small piece of filter paper is dropped 
into the flask containing the solution and the tip 
of the capillary is pressed against the paper on the bot- 
tom of the flask. When pressure on the bulb is released, 
the solution rising in the capillary is filtered free of solid 
particles without a significant change in the concentra- 
tion. A flat tip may be obtained by scratching the 
capillary with a piece of porcelain before breaking it. 
This type of capillary is also useful when many re- 
crystallizations must be performed on a small amount 
of material. Loss of sample will result if the crystals 
are filtered off and transferred from the funnel to an- 
other flask, etc. But if the recrystallizations are car- 
ried out in-conical centrifuge tubes, the crystals may be 
centrifuged to the tip and the supernatant liquor re- 
moved by carefully inserting the capillary through the 
crystal mass so that it reaches the bottom of the tube. 
With release of pressure on the bulb, the clear liquor is 
drawn up into the capillary, leaving the crystals ready 
for the next recrystallization. The amount of solvent 
removed and the separation performed will depend on 
the cross section of the capillary opening. Removal of 
liquid from containers without disturbing the crystal 
formation may also be carried out with: this type. 
To withdraw the liquid from odd-shaped flasks, etc., 
it may be more convenient to use a bent capillary such 
as form (C). 


oa Micro Filter Stick 


A HANDY apparatus in repeated recrystallizations of 
small amounts of material is a micro filter stick similar 
to that described in textbooks and used in micro analy- 
sis. A broken fritted-glass funnel may be ground down 

















Figure 3. Filtering with the Aid of Micro Filter Stick 





so constructed that the glass at the tip is thick enough ° 
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Figure 4. Filtefing Adapters in Use 


to form this type of filter stick. The tube for recrystal- 
lization is chosen of sufficient size to allow the filter 
stick to enter with a small amount of clearance, and its 
bottom is flattened. The material, dissolved in the tube 
in the usual manner, is allowed to crystallize. During 
filtration, the tube may be held in an ice bath if low 
melting solids are to be handled. The filter stick pres- 
ses the crystals to the bottom while slight suction is 
applied. (Figure 3.) 


2 A Beaker as a Hot Air Bath 


Durine a recrystallization operation where it is 
necessary to filter the hot material through a fluted 
paper, varying amounts of crystalline material are 
often lost due to crystallization in the funnel. A large 
part of this may be readily recovered by setting the 
flask and funnel on a hot plate under a large-beaker, or 
bell jar, which prevents cooling of the funnel by air 
drafts. Gentle refluxing causes the material to be dis- 
solved and percolated into the flask in a very short time. 


9 Filtering Adapter 


AMONG THE many uses of a filtering adapter (Figure 
4) are its use in (A) filtering from one flask or tube into 
another without the aid of a suction flask, avoiding 
transferring and dilution, and (B) evaporation of solu- 
tions by allowing dry or filtered air or inert gases to be 
drawn over them. The latter is done by substituting 
a drying tube or cotton filter plug for the Biichner 
funnel. 
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This device, when used where rubber stoppers are 
to be avoided, can be constructed of interchangeable 
ground-glass joints, asin A. The size of Erlenmeyer 
flask used is limited by the amount of suction required, 
but such a size limitation does not apply to round-bot- 
tomed flasks. 


Ge Rubber Dam 


THE USE of a rubber dam in drying material collected 
on a Biichner funnel is an old trick that needs reviving. 
If the funnel is covered with the rubber dam (Figure 
5), and held in place with 
rubber bands while suction 
is applied slowly, the rubber 
dam is drawn tightly against 
the material, literally 
squeezing the solvent out 
without exposing the ma- 
terial to an unnecessary 
amount of air, thus avoiding 
oxidation. Another method 
for pressing out solvent is to 
use a flat-topped glass stop- 
per. 

For maintaining suction 
in a “slow filtration” which 
occurs at “quitting time” 
when water aspirators must 
be turned off, the rubber 
tubing can be clamped near 
the outlet. A surgical clamp 
is ideal for this purpose. 

Effective removal of a 
large cake from a Biichner 
funnel is obtained by plac- 
ing the Biichner with open 
side down on a large evaporating dish or watch glass 
and blowing sharply into the tip opening of the funnel. 
The cake will usually drop out in one piece. 








Figure 5. Use of Rubber Dam 
with Suction 


a Steam Generator 


A LABORATORY steam generator which lends itself 
to excellent contro] is sketched in Figure 6. The heat- 
ing unit consists of 10 to 12 feet of Nichrome wire, No. 
24, having q resistance of 1.6 ohms per foot. The coil 
is formed by winding the wire around any tube of suit- 
able diameter. Two '/;-inch welding rods, sharpened 
to a needle point, are forced through the rubber stopper, 
bent into form before attaching to the wire coil, and 
their ends, extending out of the rubber stopper, used as 
terminals to be attached to a variable voltage trans- 
former of sufficient wattage. The rubber stopper is 
fitted with a mercury-filled safety manometer (which 
may be constructed, if desired, from a pipet so as to 
provide a reservoir for the mercury), a water inlet closed 
with a piece of rubber tubing and pinch clamp, and a 
steam outlet. 

The generator is assembled with all connections made 
for use, and the water inlet valve opened. The current 
is allowed to pass into the water reservoir until vigorous 
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Figure 6. A Precisely Controlled Type of Labora- 
tory Steam Generator 


boiling results, the rate being adjusted and controlled 
by varying the voltage. The pinch clamp on the water 
inlet is closed and the steam is allowed to escape through 
the outlet. The control of steam generation is very 
precise, and where inflammable materials are being 
distilled, this generator is far safer than a gas-flame 
heated boiler. 


@ Micro Steam Bath 


A Micro steam bath of the type illus- 
trated in Figure 7 can be readily construc- 
ted from a test tube of proper size. This 
device is useful in crystallizing from cen- 
trifuge or test tubes. Rubber stoppers 
with holes of different sizes serve well as 
“covers” for this steam bath. 


@ Hot or Cold Micro Biichner Funnel 


A SMALL sized steam-heated or ice 
water-cooled Biichner funnel may be con- 
structed with an Alundum disc sealed into 
a piece ‘of glass tubing enclosed within a 
jacket having an inlet and an outlet (Fig- 
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6 Evaporation Under Bell Jars 


THE USE of a bell jar for evaporating solutions under 
streams of inert gases or dry air is another handy labo- 
ratory aid. The bottom of the bell jar is ground to 
form a vacuum tight fit on a metal or glass plate (Fig- 
ure 9). For evaporation of small amounts of material 
a micro bell jar with a thick glass plate is now on the 
market. This size has many other uses. 


6 An Ice-Water Circulating Device 


A Goon substitute for a circulating pump is shown in 
Figure 10. In operation the condenser and connections 
are filled with water and a slow stream of compressed 
air is turned on. This pushes the water up into the ice 
bath while ice water siphons out of the ice bath through 
the condenser jacket. 
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Figure 9. Evaporation — Use of Bell Jar and 
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AN EXCELLENT method for keeping a water bath clear - 


is to suspend a piece of cheesecloth or cotton in it. 
When observations are to be made in glass baths that 
tend to “dew up” or become foggy because of the low 


temperature, ‘“‘painting” the surface with glycerin is 


advantageous. 


OnE oF the oldest methods for cleaning mercury in- 
volves the use of a chamois skin. A small amount of 
mercury is poured into a cup made by pressing the skin 
into the opening formed between the thumb and fore- 
finger. The chamois is then twisted while being held 
over a large beaker. Thus a fine mist of clean mercury 
falls into the beaker. 
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MIXING PHOSPHOROUS pentoxide with broken glass, 
glass beads, or porcelain prevents waste of this material 
when it is being used in drying tubes, desiccators, etc., 
and also provides a greater active surface. It is con- 
venient if the drying agents used in desiccators are 
placed in petri dishes instead of directly in the desicca- 
tors. 


WHEN A capillary melting-point tube must be filled 
with low melting solids, such as fats, oils, or waxes, a 
convenient method is to start with a capillary open at 
both ends. The sample is melted and after a small 
amount has been drawn up into the capillary, the op- 
posite end of the capillary is sealed. The tube is then 
dropped into a previously warmed centrifuge cup. The 
sample is centrifuged into the sealed end and allowed 
to solidify by placing the capillary tube in ice water. 


IN REMOVING a tight screw cap from a bottle, wrap- 
ping several rubber bands about the cap before twisting 
is advantageous. 


AN INFRARED lamp has many laboratory uses as a 
source of heat. Among these are heating material in a 
vacuum desiccator,«refluxing low-boiling inflammable 
solvents, heating constant-temperature baths, and 
softening grease in frozen joints, as in desiccator tops 
and other lubricated ground-glass joints where freezing 
is due to hardening. 
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~ Figure 10. Circulating Ice Water by Means of 
Compressed-Air Hoist 








Tr 1s a most unusual fact that substances in the gas- 
eous state behave uniformly when subjected to changes 
in temperature and pressure. In order to account for 
such uniformity it is logical to assume that the struc- 
ture of all gases is fundamentally the same and to pro- 
pose such a structure as will best account for the ob- 
served behavior. These assumptions together consti- 
tute the kinetic theory of gases, one of the most impor- 
tant generalizations from the standpoint of insight into 
molecular phenomena. From it may be deduced the 
weight, the velocity, and the energy content of the mole- 
cule, affording a basis for the mechanism of reactions. 
It stresses the characteristics of the molecule as a phys- 
ical unit rather than as a chemical group, but its im- 
portance to the development of chemistry can hardly 
be overestimated. 

The kinetic theory of gases presents what is often the 
first opportunity of indicating to the student the place 
of theory in the scientific method and under particularly 
favorable circumstances. Many a student brings with 
him to the classroom.a predisposition to regard a theory 
as an unsupported guess, the opposite of fact. This 
has been fostered by the popular attitude that contrasts 
the practical with the theoretical to the detriment of 
the latter. The presentation of the kinetic theory 
must, therefore, make abundantly clear that a theory 
is a rational explanation of observed facts, mutually 








| Lt 

Lah Ca 2 

| ‘e PITH BALL | ‘| GLASS 
| *,) PARTICLES 
| b.| 
© MERCURY ~ MERCURY 























Demonstration of Kinetic Energy of Gas Molecules 
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consistent in its various parts and designed not so much 
to afford the mental satisfaction of having offered an 
explanation as to permit the prediction of new facts. 
The ease with, which conclusions drawn from the theory 
may be experimentally verified and the strong substan- 





1 Presented before the Division of Chemical Education at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 
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TEACHING THE KINETIC THEORY OF GASES' 


CREIG S. HOYT 
Grove City College, Grove City, Pennsylvania 


tiation which this affords make this one of the most im- 
portant phases in the training of the chemist and afford 
a valuable impression of the scientific method to those 
whose interest in chemistry is more casual. 

The postulates of the kinetic theory are very simple. 
It is assumed that gases are made up of very small par- 
ticles, called molecules, separated by spaces relatively 
large by comparison with the diameter of the particles. 
These are assumed to be in very rapid motion in straight 
lines, colliding with each other and the walls of the con- 
taining vessel. Molecules of different gases differ in 
mass, but all molecules of the same gas have the same 
mass. By further assuming that the molecules are 
perfectly elastic and rebound from collision without 
loss of kinetic energy or momentum, the unending mo- 
tion of the particles may be explained. All other con- 
clusions from the theory grow out of these fundamental 
assumptions and are a direct consequence of them. 

It is well, we believe, to call the attention of the stu- 
dent to the fact that these are common-sense assump- 
tions. He is aware from his own experience that gases 
offer little opposition to movement through them and 
that, therefore, the particles composing them must be 
easily separated. He realizes, when it is called to his 
attention, that the aura of perfume or the odor of a 
noxious gas quickly spreads from its original source 
through the atmosphere without any mass movement of 
the air itself. This requires that the molecules be in 
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motion in all directions and that the spaces between the 
molecules of the gases in the atmosphere be so large as 
to offer a minimum of resistance to diffusion. The as- 
sumption that molecules are perfectly elastic bodies is 
more difficult but is preferable to any alternative. 

The conclusions that can be’reached as a consequence 
of accepting these simple assumptions regarding the 
structure of gases are far-reaching. 

One of these conclusions is given in Avogadro’ s Law. 
That law is merely a special way of stating that, due to 
the constant movement of molecules and the consider- 
able spaces between them, uniform distribution is main- 
tained, whether one gas or a mixture of gases occupies 
the volume. It follows that a given volume contains 
the same number of molecules under the same con- 
ditions of temperature and pressure regardless of what 
gas is present. This conclusion is so simple that its im- 
port is often missed. A simple and effective demon- 
stration to carry through the idea may be made by fill- 
ing liter flasks with various gases and indicating the 
number of molecules to be the same in each case. This 
is the strategic moment to present the actual number of 
molecules, to give Avogadro’s number a definite mean- 
ing. The statement—if a minute opening were to be 
made in any one of these flasks such that a million mole- 
cules could escape each second, nine hundred million 
years would be required to empty the flask—has the 
advantage of accuracy and the impact of the startling. 
A second statement of the same sort is equally effective. 
Were the molecules in any one flask to be divided among 
the approximately two billion people on the earth, each 
individual share would be fifteen trillion molecules. 
This type of demonstration has the advantage that it 
impresses the student that not only the molar volume 
but any two equal volumes of gases contain the same 
number of molecules and that the ratio of the weights of 
these volumes is also the ratio of the weights of the in- 
dividual molecules. A conversion at this point to the 


molar volume involves only the ratio of the previously 
assumed molar weight of oxygen to the weight of one 
liter of oxygen, the familiar 22.4 liters. 

Another consequence of the kinetic picture of the 
structure of gases is the conclusion that gas pressure 
exerted against the walls of the containing vessel is due 
to the bombardment of the molecules in collision with 
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them. The formal statement of Boyle’s Law with its 
inverse proportion leaves the student with a rather hazy 
conception of the relation between volume and pressure. 
A graphical presentation is to be preferred. That vol- 
umes become smaller when pressures become larger is in 
accord with ordinary observation, and the direct re- 
lationship is apparent from the graph. But to account 
for the steady sustained pressure of a confined gas as 
due to the multitudes of individual impacts requires a 
new viewpoint. 

Two familiar pieces of demonstration equipment will 
assist in giving the necessary conception. In the one, 
a tube, evacuated to increase the mean free path, con- 
tains bits of blue glass resting on a pool of mercury. 
When the mercury is heated, bringing about vapori- 
zation of the liquid, the impact of the large molecules 
of mercury is sufficient to drive the glass vigorously in 
chaotic fashion about the interior of the tube. 

An even better demonstration is provided by a similar 
tube which uses a pithball to show the molecular col- 
lisions. With a suitable rate of heating, the pithball 
may be supported in space for any period of time. 

At ordinary pressures, only those molecules next to 
the walls are in collision with them. It is apparent 
that the mean free path is very short and that most of 
the collisions are intermolecular. As the pressure de- 
creases, the mean free path increases until, at suffi- 
ciently high vacua, it may exceed the diameter of the 
containing vessel. A demonstration to illustrate this 
fact has been described by Smyth and Ufford (1). It re- 
quires two flasks connected to each other by a narrow 
neck. If solid iodine is placed in the lower flask, it will 
vaporize on heating and, after many collisions, some 
will be distributed uniformly over the walls of the upper 
vessel. If, however, the flasks are evacuated, the only 
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Diffusion of a Gas Through Air 


Diffusion of a Gas at Reduced 
at Atmospheric Pressure? P: 2 


ressure 


molecules in the upper vessel will be those coming 
through the neck directly, and since these are traveling 
the entire diameter of the flask in a single flight, the 
deposit covers only that portion of the flask opposite 
the neck. 

One of the original assumptions of the kinetic theory 
was the perfect elasticity of the molecules. Inasmuch 
as no perfectly elastic solid is known, there is:no basis 
in experience for this assumption. In actual solids a 





2 Material taken with permission from ‘‘Matter Motion and 
Electricity’ by Smyth and Ufford, copyrighted 1939 by the 
McGraw-Hill Book Company, Inc. 
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Apparatus for Measuring Molecular Velocities 
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part of the kinetic energy of colliding spheres appears 
as heat due to friction in the deformation of the bodies. 
But the kinetic theory develops the conception that heat 
is the energy of molecules in motion. It follows, then, 
that no energy can be lost as heat in molecular collisions 
and the body must be perfectly elastic. This matter is 
receiving careful attention in recent textbooks. 

Still another conclusion from the kinetic theory re- 
lates to the effect of temperature on molecular velocities. 
Since heat is the kinetic energy of molecular motion, at 
any particular temperature the average kinetic energy 
of all gas molecules is the same. This is true in spite of 
wide variations in the weight of the molecules. It 
would follow that at the absolute zero, the velocity of 
all molecules would be zero, a conclusion given experi- 
mental verification by the experiments of Onnes. 

Still another conclusion, experimentally tested by 
Graham, is that the velocity of escape of a gas through 
a small orifice, a specialized case of diffusion called 
“effusion,” is inversely proportional to the square root 
of the molecular weight.‘ These velocities are statis- 
tical: the velocity of any one molecule may vary from 
zero at the instant of collision to values considerably 
above the average. Nevertheless, the kinetic energy 
on the average is a function of temperature only. Until 
comparatively recently values of molecular velocities 
were only computed from the kinetic equation. A num- 
ber of investigators have proposed methods for the di- 
rect determination of molecular velocities. Zartman (2) 
employed an apparatus consisting of a furnace for vola- 
tilizing bismuth, a series of slits to align a beam of vapor 
molecules and a rapidly rotating cylinder with a slit in 
its side to admit the beam of bismuth molecules. The 
whole apparatus was evacuated to give a long mean free 
path. Were the hollow cylinder to stand still, a spot of 
condensed metal would be found opposite the slit. 
When the cylinder rotates, the point of condensation is 
displaced by an amount which is a function only of the 
speed of the rotating cylinder and the molecular veloci- 
ties. The presence of condensed metal along a section 
of the periphery is evidence of variation in velocities 
taken from the same beam. The distribution of veloci- 
ties is shown on page 187. 

While this method cannot be demonstrated save as to 
results, gas effusion apparatus is quite simply made and 
gives good quantitative results. The molecule race 
between ammonia and hydrogen chloride devised by 
Chapin is accurate and interesting, although the results 
are relative. 

In the original assumptions of the theory, no allow- 
ance was made for intermolecular attraction. Since the 
gas laws are usually employed at moderate pressures, 
the assumption that the spaces between the molecules 
are so large as to do away with molecular attractions is 
usually correct. But the deviations which occur at 
low temperatures and higher pressures should be pre- 
sented as normal behavior to be expected as the space 
between the molecules decreases rather than as a failure 

in the theory. As a consequence, the phenomena of 
change of phase from gas to liquid will be dealt with as 
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a particularly effective application of the theory rather 
than as a failure of the theory to represent adequately 
the facts. 

A theory has only one reason for existence: the ex- 
planation of the cause of observed fact in such a way as 
to lead to the discovery of new facts. The final task in 
the teaching of kinetic theory must always be to check 
off experimental observations as given in the laws of 
Boyle, Charles, Dalton, Graham, and Avogadro against 
the explanation offered by the theory. But its useful- 
ness will not end there. Chemical kinetics and the 
theories of solution will make use of its assumptions. 


189 


Much that: has been done with the kinetic theory lies 
outside the scope of general chemistry. But in its pre- 
sentation to the young chemist, there is a challenge to 
effective teaching, not only for the sake of the task im- 
mediately at hand but for his future development in 
chemistry. 
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e IONS, SUBSTANCES, AND 
SUBSTANTIAL EQUATIONS 


Some of the difficulty felt by many students in be- 
ginning chemistry may be due to their inarticulate at- 
tempts to distinguish between facts and the theories 
which are supposed to explain the facts. There are 
students who ‘‘can’t seem to get the hang of chemistry” 
although they may do well in other scientific subjects, 
such as biology. Such a student’s uncertainty as to 
“what chemistry is about” may be due to his teacher’s 
being uncertain as to what, quite literally, chemistry is 
about. 

Chemistry is the study of substances. If a teacher 
speaks of, say, “‘silver,” it is quite clear what substance 
he is referring to. But if he speaks of “Ag+,” then it 
is not clear, for he is in fact not referring to a substance, 
but to a hypothetical entity. He cannot show the stu- 
dents any Ag+. He can show them a number of sub- 
stances in the stockroom which, he alleges, ‘‘contain 
Agt.” If he asserts, “All these substances contain 
silver,” this statement could fairly easily be proved by 
exhibiting the silver; but the statement, ‘‘All these sub- 
stances contain Ag+,” cannot be so proved, for the Agt 
cannot be exhibited. 

Of course, chemistry students have to become ac- 
customed fairly early in the course to dealing with hy- 
pothetical entities. If they read such an equation as 


it speaks of ‘‘H2”’, which is a hypothetical entity, whose 
existence is only revealed to us by circumstantial evi- 
dence which is, of necessity, extremely indirect. An 
equation such as 

Snt+ + 2Fe+++ = Snt4 + 2Fett (2) 
also deals with hypothetical entities whose status is in 


no way inferior to that of “H,” or ‘O,”. But some 
students with tough minds, who like to maintain a firm 
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bridge to reality, are happier with equation (1), for 
they feel instinctively that this equation can be under- 
stood in a certain minimal sense as 


hydrogen plus oxygen gives water 


a statement which is independent of any theory what- 
soever and refers exclusively to facts. Equation (2) 
cannot be read in this minimal sense; it refers to facts 
as interpreted by particular theories. 

If the distinction between fact and theory be kept 
in mind, it will be seen that ions have a different 
status from substances. In the series [Pt(NH3).]*+, 
[Pt(NHs)3Cl]+, Pt(NHs3)2Cls, [PtNHsCl;]-, [PtCl,]--, 
the five groups of symbols are alike in that they refer 
to molecular species, and the third, which happens to 
be uncharged, has, as a molecular species, a status no 
different from the others. But the third is the only 
one which refers to a substance which can be isolated. 
We have reason to believe that the other four could be 
isolated if we could maintain matter at a fantastically 
high intensity of electric charge; in other words, the 
“referent” (to use the semanticists’ term) of the other 
four formulas is only hypothetically a substance. 

This throws light on a difficulty which is felt not only 
in teaching but also outside the classroom—namely, 
what to call an equation of the type 


SnCl, + 2FeCl; = SnCl, + 2FeCl. (3) 


as opposed to the type of (2). Equation (2) is an ionic 
equation, but (3) is not well called a “molecular” equa- 
tion, because the substances referred to-are not in all 
cases molecular species. Let equations of this type be 
called ‘substantial equations,” for this is exactly what 
they are; they say, as ionic equations do not, exactly 
what substances are to be put into the pot, and what 
substances will result if they react. 








CHEMICAL REPORT WRITING’ 
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Editorial examination of chemical reports and papers reveals that many authors lack 
skill in writing clearly and concisely or that they-do not take sufficient care in the pre- 


peration of their manuscripts. 
tion are qucted from selected papers. 


Examples of inaccuracies in writing and faulty composi- 
Itis suggested that improvement in report writ- 


ing can best be effected by giving more attention to this subject in secondary schools 
and colleges. 


Cuemicat reports like chemical solutions should be 
clear. Readers, however, find that some papers on 
scientific subjects are lacking in the essential features 
of conciseness and clarity. Writers who have a natural 
gift in the matter of expression are few in number, and 
most of those who are to become writers of scientific 
reports require to be trained in this work as well as in 
their laboratory techniques. 

It follows then that more attention should be given 
to the teaching of English composition and to the re- 
quirement of practice on the part of the student in the 
writing of reports prepared according to procedures 
approved by the better scientific journals. Only in 
this way can the desired standards of excellence in 
scientific papers be attained. 

Nor is it only in the writing of scientific reports that 
we are deficient in the use of the English language. This 
point was emphasized in an editorial that appeared 
recently in one of Canada’s larger daily newspapers. 
Advocating the greater use of the dictionary in the 
preparation of written reports and public addresses, 
the editorial read, in part, as follows: 


Canadians, notoriously, speak and write English poorly. The 
reason is that Canadians do not appreciate sufficiently the im- 
portance of good English, do not know the glory and majesty of 
their speech. The best speaker in the House of Commons in 
our generation was Sir Wilfrid Laurier. There was hardly a day 
when, as we remember him, he did not have a dictionary brought 
to his desk. It was simply that he knew the importance of the 
right word; understood what Morley once called “the glory of 
words.” 

It was said of Mr. Asquith that he used the ‘inevitable word.” 
Use of the inevitable word, the word that contains the exact 
shade of meaning to be conveyed, is not possible without study of 
the dictionary. 


A good general training in the use of the English 
language is essential to good scientific report writing. 

The Canadian Journal of Research, published by the 
National Research Council of Canada since 1929, 
offers a Canadian medium for the publication of manu- 
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scripts on original scientific work carried on in Canada. 
In the preparation of papers for publication in it, every 
effort is made to keep editorial standards high. A 
representative Board of Editors is responsible for the 
review of all submitted manuscripts, and they take 
care to ensure that only creditable work is published. 

As a guide to authors, editorial instructions for the 
preparation of manuscripts are published in each issue 
of the Journal, but some manuscripts indicate that the 
authors have not followed the procedures suggested. 
Sometimes the editors can make the necessary revisions 
to ensure correctness and clarity in the text, but this 
practice is not recommended because it is felt that re- 
sponsibility for the accuracy of the manuscript should 
rest on the author of the paper. It is usual, therefore, 
to make a complete editorial study of each paper and to 
submit any proposed changes to the author for con- 
sideration. This is time-consuming and not infre- 
quently delays the publication of a paper that might 
have been printed promptly if the author had but 
taken more care in the preparation of his manuscript. 

In most instances, such editorial help is highly appre- 
ciated, especially by younger authors, but others who 
have developed bad habits in writing are likely to be 
annoyed by the suggestion that changes should be made 
in their manuscripts. Occasionally, and especially 
when authors are obviously in the wrong, they may even 
adopt a somewhat hostile attitude in regard to proffered 
editorial assistance. Authors have even been known 
to defend their mistakes by remarking that, if they make 
grammatical errors, these should be ignored by editors 
because such constructions are characteristic of the 
authors’ “style.” 

In the writer’s view, the long-term solution of this 
problem is to introduce the criticism of writing at as 
early a stage as possible in the training of potential 
scientists and, despite the crowded nature of the cur- 
ricula in most undergraduate courses, it is suggested 
that consideration be given to the inclusion of practice 
in report writing in the junior years and that an effort 
be made to secure intensive criticism of such work by 
competent English teachers. It is quite possible too 
that even in the secondary schools the plan of studies 
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could be modified so as to provide students with a 
better foundation in the theory and practice of good 
English usage. Chemical topics might well be used 
as subject material. 

The purpose of this paper is to give point to the 
argument by quoting a few examples from papers that 
have come to the writer’s attention. It is thought that 
the illustrations given may prove useful in preventing 
some of the less experienced writers from falling into 
editorial pitfalls in chemical report writing that have 
beset the paths of their senior colleagues. 

It must be admitted that the problem is as old as the 
mirth-provoking “‘howlers” of the written tests of 
public and high school days. It becomes serious how- 
ever when errors in writing find their way into manu- 
scripts on original research that are intended for publi- 
cation in scientific journals; undetected errors may not 
only be misleading or ambiguous, but they may indeed 
convey an entirely wrong idea concerning the results 
of the experimental work being reported. 

It is often said that research work is incomplete 
until it is published, and this is certainly true of any 
worth-while investigation. Precision and care in labora- 
tory technique are recognized as essential; clarity and 
accuracy of expression in the written record are not 
less important. Readers of manuscripts occasionally 
find that good experimental work is badly reported. 

Books have been written on this subject, and the 
chief justification for this further brief contribution is 
the hope that it may prompt some potential authors of 
scientific papers to read and ponder the precepts set 
down by numerous authorities on the preparation of 
manuscripts and that it may stimulate teachers to give 
more consideration to this subject. 

Examples of errors have been selected from a few 
papers taken at random to show that inaccuracies of 
statement, and faulty construction, can easily be found 
even in scientific papers that have been passed for pub- 
lication by competent reviewers. It can be said, no 
doubt, that such examples are merely the work of 
“gremlins,”’ and perhaps they are, but a few old fash- 
ioned readers of manuscripts still think that many of 
the common pitfalls in the use of the English language 
could be avoided. 

Here are few typical cases of faulty construction en- 
countered recently. 

One author said: ‘We mixed the ingredients and 
shook for half an hour.” Could it be that the author 
suffered from a serious nervous ailment? 

Another “centrifuged the mixture and stood in the 
refrigerator overnight.” He does not record his feelings 
in the morning, but perhaps the cooling process clari- 
fied his thinking. 

Another more restful observation was that “our 
conclusions can only be applied to the seated posture 
with minimal activity.” 

Ambiguities creep in, as when “preliminary work 
showed 98 per cent rooting, the highest percentage for 
greenhouse propagation reached by the authors.” 
Since greenhouse propagation has proved so successful, 
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it may be that the solution of the general housing prob- 
lem has been found. 

As noted previously, most authors fully appreciate 
the service rendered to them by painstaking editors, 
but sometimes even letters of thanks have to be read 
with a degree of leniency, as when one author replied: 
“We are grateful for having drawn our attention to this 
error.”’ 

But perhaps one of the most telling admissions by an 
author was couched in the advice that ‘‘when first car- 
ried out, we too suspected the toxic effects of alcohol.” 
It would be a matter of some scientific interest to know 
whether his suspicion was confirmed or removed in sub- 
sequent episodes. 

Inaccuracies of statement in a manuscript have a 
fair chance of survival in print. A few examples will 
indicate how difficult it is to detect this kind of error. 

“The powder with 1.4 per cent moisture maintained 
the lowest pH level during the storage period.” From 
consideration of a curve supplied with the text, it was 
obvious that “lowest” should have read ‘“‘highest’’; 
the authors expressed their appreciation when this 
mistake was drawn to their attention. 

Everyone knows how omitted words can change the 
sense of a given expression, as when an author wrote 
“proportional to”? when he meant ‘‘inversely propor- 
tional to.” The same author transposed Greek letters 
at the top of two columns of dataina table. This error 
was caught but almost wholly through sheer good luck. 

Another author submitted duplicate copies of two 
curves and duplicate captions. One caption stated 
that the dotted lines represented the ‘‘experimental’’ 
results and the solid line the “calculated” results. In 
the duplicate caption the dotted lines were said to rep- 
resent the “calculated” results and the solid line the 
“experimental” results. It was impossible to tell from 
the context which statement was correct. 

Every conceivable type of error is made in reference 
lists: misspelling of authors’ names, wrong initials, 
wrong volume numbers, wrong page numbers, wrong 
dates of publication, etc. Through errors in citation, 
statements have even been attributed to persons who 
never made them. Much time is spent in checking 
references cited in papers submitted for publication in 
the Canadian Journal of Research, but the number of 
errors detected in manuscripts each year is considered 
sufficient to warrant continuance of the practice. 

Mention has been made of the ““Notes on the Prepa- 
ration of Copy”’ published on the inner back cover of 
each issue of the Canadian Journal of Research. These 
“notes” serve as a guide to the author and, if followed 
carefully, enable him to present a manuscript on which 
only the minimum amount of editorial work needs to 
be done before copy is sent to the printer, provided, of 
course, that’the reviewers. do not take issue with the 
scientific content of the paper. On such papers, also, 
the subsequent editorial work is limited to the correc- 
tion of the occasional typographical errors that escape 
the attention of even the best printers. 

Apart from advice as to the number of copies of text 
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and illustrations to be supplied, the requirements of 
an abstract, the desirability of submitting clean, type- 
written manuscripts, and a few other items-regarding 
style, arrangement of matter, spelling, and the use of 
abbreviations, the “notes” contain information on 
several other points that are often overlooked by 
authors. 

For example, authors often submit line drawings 
that, at first sight, appear to be very well prepared. 
On closer examination they are found to be quite un- 
suitable for reproduction. The lines in the chart may 
be too light, or the lettering may be too small to be 
legible on reduction of the chart to the required width. 
Again, many drawings are made on coordinate paper 
ruled in green, yellow, or red, all of which colors appear 
as black lines on the printed page and sometimes mask 
the data represented on the curves. 

The “notes” specify that for line drawings ‘‘all lines 
should be of sufficient thickness to reproduce well. 
Drawings should be carefully made with India ink on 
white drawing paper, blue tracing linen, or coordinate 
paper ruled in blue only; any coordinate lines that are 
to appear in the reproduction should be ruled in black 
ink. Paper ruled in green, yellow, or red should not 
be used unless it is desired to have all the coordinate 
lines show. Lettering and numerals should be neatly 
done in India ink preferably with a stencil (do not use 
typewriting) and be of such size that they will be legible 
and not less than one millimeter in height when repro- 
duced in a cut three inches wide. All experimental 
points should be carefully drawn with instruments. 
Illustrations need not be more than two or three times 
the size of the desired reproduction, but the ratio of 
height to width should conform with that of the type 
page.” 

Similar instructions are given in regard to other items 
such as photographs, tables, and references. 

It is surprising to find that many manuscripts are 
submitted in what appears to be draft form. These 
papers, of course, require far more than the usual 
amount of editorial preparation. Curiously enough, too, 
and almost invariably in such instances, the authors 
express the hope that their papers may be accorded 


JOURNAL OF CHEMICAL EDUCATION 


“early publication.” Properly prepared papers, as 
already mentioned, can be dealt with expeditiously. 
But manuscripts in typewritten form, with cancella- 
tions, additions in poor handwriting and often in pencil 
and blurred, insert sheets separated from their context, 
illustrations without captions, charts in which the 
curves lack proper identification—in short, badly pre- 
pared manuscripts—simply cannot be sent to the 
printer until much work has been done on them, and 
that takes time. Printers’ deadlines have to be met to 
ensure promptness in publication. 

Fortunately, poorly prepared manuscripts are the 
exception and not the rule, but why, editors ask, should 
there be any of them? Is it laziness, or carelessness, or 
sheer inability to produce a tidy manuscript that 
prompts authors to submit such documents for publica- 
tion? Possibly, contributors in this class we shall 
always have with us. 

There is probably nothing we can do in the way of 
reforming the more incorrigible cases, but high-school 
and university students, who will be the laboratory 
workers and research scientists in the coming years and 
who will then be preparing our scientific papers, can be 
trained in this essential art of clear and concise writing. 

It is suggested that appropriate steps should be taken 
at once in high schools and colleges to intensify the 
teaching of English, particularly in its relation to the 
development of clarity in report writing. There should 
be, in addition to lectures, provision for more practice 
in the writing of reports. Details of the changes re- 
quired in school and college curricula to meet these 
needs can very well be left to Canadian educators, but 
it is suggested that the problem is real and that an 
effort should be made now to ensure that the university 
men of tomorrow are better trained in report writing 
than some of their predecessors have been in the past. 
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ERRATA 


THE FOLLOWING errors have been called to our attention in the article by Jacob Kleinbérg on 
“The Positive Character of the Halogens” in our November, 1946, issue: On page 561 the last 
word in the second paragraph of the left-hand column should read electropositively instead of 
electronegatively; in Table 4 the formula of the first compound should be IPOs. 
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* CULTURAL BY-PRODUCTS OF 
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ly. LABORATORY INSTRUCTION’ 
a- 
ncil 
= THOMAS D. COPE 
‘sa University of Pennsylvania, Philadelphia, Pennsylvania 
the 
and 
t to Srraws still show which way the wind is blowing. 
A, B, and C are distinguished scholars and educators 
the of mature years, in different fields. None is a physicist. 
yuld X, Y, and Z are well-known scientists of mature years, 
3, OF in different fields. A, B, and C spoke to the writer, sepa- 
hat rately, deliberately, in sorrow, not in anger. A said of 
1ca- X: “He is a narrow specialist who lacks appreciation 
hall of liberal subjects.” B said of Y: “He is half-baked 
and half-educated, a serious reflection upon the insti- 
of tution that graduated him.” C said of Z: “He lacks 
1001 even the rudiments of culture.” Culture it appears 
ory is expected in scientists. 
and Attempts are made to give “cultural” courses in the 
1 be sciences by lectures and recitations and without labo- 
ing. ratory. The writer prefers to continue to try to impart 
ken culture in the laboratory, for, during undergraduate 
the years, 1899 to 1903, he saw and heard the late Edgar 
the § Fahs Smith teach chemistry. Doctor Smith was then 
uld in his late forties, a professor, laboratory director, and 
tice vice-provost. He had many graduate students working 
re- on investigations. He had already served the first of 
ese his three terms as president of the American Chemical 
but Society. He was a fellow of the National Academy of 
an Sciences, and in 1902 was elected president of the Ameri- 
ity can Philosophical Society. He was in great demand in 
Ing scientific, educational, and public life, yet he had ample 
ast. time for us undergraduates, as individuals. 
Doctor Smith in person gave the demonstration lec- 
tures. During one of our years he in person conducted 
the recitation hour. And he seldom failed to visit us ea iat hares 
und during the laboratory periods. He would walk into the 
ant room unhurried, greet us with a smile, take in the situa- the undergraduates entrusted to him and his college 
for tion, ask a few questions, confer with the instructor, and that he gave of himself without stint. He was assisted 





leave, still unhurried. Where did Doctor Smith find the 
time and energy to do all of these things? To me there 
is no doubt about the answer. He had reserves of char- 
acter upon which he drew for all the time and energy he 
needed. 

He taught us chemistry and much besides. A class- 
mate in the chemistry courses, now an industrialist in 
the Middle West, brought his freshman son to the cam- 
pus a few days ago. He visited Doctor Smith’s office 
and said while there: ‘We have forgotten most of the 
reactions but the philosophy of life that we learned here 
we shall never forget.” 

What were the features of this philosophy? First, I 
should say, the day by day example of a great scholar, 
educator, and public figure, who felt so responsible for 





1 Read before the Pennsylvania Conference of College Physics 
Teachers at Ursinus College on October 18, 1946. 


by younger men, some of them graduate students, and 
with them and with the pupils in their classes Doctor 
Smith was always in contact. This was a golden op- 
portunity for both the young teachers and the young 
pupils. 

But the example before us daily was even more than 
scholar, educator, and public figure. Doctor Smith was 
a simple, genuine, wholesome, genial man. Dignity 
and good manners were natural to him. “He walked 
with kings and kept the common touch.” He set a 
standard of luman excellence that his campus refuses 
to forget. 

Underclassmen in a college that is linked with a gradu- 
ate school are a fortunate lot when an educator like 
the late Doctor Smith is at hand. They were objects 
of his special concern. He in person saw that their 
careers were started right. Graduate students helped 
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to teach them under Doctor Smith’s constant supervi- 
sion and guidance. All ‘underclassmen were looked 
upon as young humans seeking an education. What 
their fields of specialization would be in later years was 
irrelevant. During my freshman and sophomore years, 
I never heard a suggestion from a member of the teach- 
ing staff that a student specialize in his field. Under 
less fortunate circumstances proselyting goeson. Prom- 
ising major material is detected and cultivated to the 
neglect of other students. And professors leave the 
teaching of underclassmen largely to graduate stu- 
dents with a minimum of guidance and supervision. 
One hears of such abuses and now and then reads pro- 
tests against them. 

Doctor Smith. radiated ethical standards to every 
nook and corner of his laboratory. The first words of 
his first lecture to us were these: “No rules are posted 
in this building but one rule governs all of us—to do the 
right thing—to be honest with ourselves—to treat our 
fellows fairly—to respect the building and its equip- 
ment.” 

Instruction centered in the laboratory work. Dem- 
onstration lectures, faithfully prepared and admirably 
delivered, introduced the student to chemical phenom- 
ena and chemical concepts. In the laboratory he met 
matter and its chemical phenomena face to face. And 
during the recitation hour he gave an account of what 
he had done, of what he had observed, and of what con- 
clusions he had drawn. In the presence of phenomena 
had he been honest with them and with himself? Sham 
knowledge crammed from books, learned quotations 
from authorities wilted under Doctor Smith’s oral quiz- 
zing. Did the student know of his own knowledge? 
In that, and in that alone, the Doctor was interested 
while the student was reciting. The recitation hours on 
quantitative analysis were the high spots of my under- 
graduate days. 

Under Doctor Smith work in the laboratory was an 
orderly, cleanly experience. Glassware, table tops, 
reagent bottles were spic and span. Little details were 
scrutinized—those little things that determine whether 
results shall be valid or worthless, and whether the ex- 
periment shall proceed smoothly or whether it shall be 
interrupted by leaks, explosions, and other accidents. 

Well do I recall Doctor Smith’s account of a differ- 
ence between two eminent chemists that he had seen 
resolved in his early days. The two had analyzed the 
same mineral and their results disagreed. The dif- 
ference was settled, not in the columns of journals, but 
in the laboratory of one of the men. The two worked 
side by side, each watching and criticizing the work of 
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the other. The outcome was a joint report and a tri- 
umph of “infinite capacity for taking pains.”’ 

I have heard that recently a bright young scientist 
visited Doctor Smith’s old laboratory to try some ex- 
periments. The undergraduates who saw him at work 
still: marvel at his slipshod and slovenly ways. The 
spirit of Edgar Fahs Smith lingers in those halls, and 
the undergraduates still do clean,.orderly, careful work, 

In that laboratory one learned that chemistry has 
grown out of the work of devoted men through long 
generations. Each element, each compound, each re- 
action was first identified by someone at some time. 
Chemical concepts have grown through the ages and 
are always in flux. Creators of concepts and theories 
no longer in use contributed to progress. The names and 
portraits of the worthies and anecdotes about them 
were always before us. Today Doctor Smith’s office is 
a shrine for students of the history of chemistry. 

And the teachers of chemistry in our college from its 
earliest days were not forgotten. The undergraduate 
chemistry club was named for Provost John Ewing. 
Joseph Priestley, Robert Hare, James Woodhouse, 
Thomas Cooper, James Curtis Booth, John Fries 
Frazer, Persifor Frazer, and Frederick A. Genth were 
honored names. Incidents from their careers as chem- 
ists were mentioned in appropriate settings. Doctor 
Smith kept their memories green, and perhaps his re- 
spect for his predecessors won from us an added meas- 
ure of respect for him. 

Besides an appreciation of the past and present of 
chemistry, Doctor Smith gave us a vision of its future, 
especially of new possibilities in chemical analysis. I 
recall vividly his lecture on aluminium and his account 
of the isolation of the metal by an electrolytic method 
first used by C. M. Hall while an undergraduate at 
Oberlin College only a few years before. Not long af- 
terwards one of Doctor Smith’s own undergraduates iso- 
lated metallic calcium by electrolysis in unprecedented 
amounts. 

Out of my own recollection of events witnessed in 
my youth I have enumerated the following by-products 
of laboratory instruction: j 

Fidelity to a trust 

High ethical standards 

Honest knowledge of one’s own 

Decent, orderly, cleanly work 

A wholesome respect for men who have created our 

culture 

A vision of the future. 

If these be aspects of human culture, perhaps a moral 
has been pointed and a case established. 


There are several ways of determining the speed of light with varying degrees 


of accuracy; 


however, it is reported that the speed can now be determined to within 


0.0000000000000003 of a second—in a four-inch cylinder by means of microwave radio. 
We'll let our Graders figure out the percentage error this represents. 
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* A DEMONSTRATION POTENTIOMETER 


Tur potentiometer is, of course, one of the basic in- 
struments employed by the student in the undergradu- 
ate physical chemistry laboratory. It becomes a real 
problem for the laboratory instructor te see that the 
necessary apparatus is provided in a form which per- 
mits efficient use of laboratory time and also permits a 
full understanding of the operation of the instrument 
from the practical and theoretical points of view. 

The requirements of ruggedness and accuracy in the 
measuring unit itself are well met by the standard units 
supplied under the name ‘‘student potentiometer” by 
Leeds and Northrup, Rubicon, ete. The manufac- 
turers suggest that these units are particularly desirable 
from the pedagogical point of view because they permit 
the student to assemble for himself the auxiliary appara- 
tus external to the actual decade and slidewire combina- 
tion, thus retaining the teaching advantages of the older 
open slidewire unit while obtaining greater accuracy. 
For several reasons, however, it is preferable to have 
for undergraduate physical chemistry laboratory work 
a complete and compact unit assembled and ready for 
the student, who is primarily concerned here with the 
use of the potentiometer as a tool, in contrast to his 





Student Potentiometer Assembly 


Figure 1. 


study of the potentiometric method itself in the physics 
laboratory. Such an arrangement offers the advantage 
of affording a marked saving of the students’ time, of 
permitting more students to be served effectively with a 
given number of potentiometers, and of simplifying 
maintenance problems while prolonging the life of the 
equipment. A typical installation of this kind, used 
successfully at the University of Wisconsin for several 
years, is shown in Figure 1. 


PAUL BENDER 


University of Wisconsin, Madison, Wisconsin 


Even if the student possesses a reasonably sound 
understanding of the basic potentiometer principle, it 
may prove difficult for him to understand its applica- 
tion in the particular instrument he is using. This has 
often been observed with the student-type potentiom- 
eter, whose internal wiring is not normally open for 
inspection and whose wiring diagram is complicated by 





Figure 2. Demonstration Potentiometer 


the presence of the range-shifting resistors and the end 
coils used in its conductivity-measurement application. 
We propose as a solution to this problem the construc- 
tion of the demonstration potentiometer illustrated in 
Figure 2, which is essentially a duplicate of the regular 
laboratory unit assembled in a transparent plastic case 
with the wiring arranged to facilitate the tracing of the 
circuit. 

The case is constructed of Lucite slteet; the front and 
back panels are of one-quarter-inch and the frame of 
one-half-inch stock. The panels are set flush with the 
érame on milled shoulders, and the assembly is com- 
pleted with nickel-plated brass screws. The decade 
and slidewire only from a Leeds and Northrup student 
potentiometer are included in the instrument. The 
end coils previously mentioned are not pertinent here, 
and the omission of the range-shifting resistors is jus- 
tified on the grounds of the resulting gain in clarity and 
of the fact that our laboratory potentiometers are used 
on the 0 to 1.6-volt range only. 

The three resistors employed to adjust the operating 
current are, respectively, 200-, 20-, and 2-ohm Centralab 
V series wire-wound radiohms. The toggle switch visi- 
ble below the slidewire dial is in series with the two No. 
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6 dry cells used as the working battery. The tap keys 
in the galvanometer circuit are Centralab momentary 
push switches; three rather than two are employed to 
impress more forcefully upon the student the necessity 
of taking proper precautions in making preliminary ad- 
justments, and they close the circuit, respectively, 
through series resistors of ten thousand, one thousand, 
and zero ohms. An H & H, D.P.D.T., rotary switch 
is used as the selector switch; the leads for connection 
to the unknown e. m. f. source_pass through the lower 
left corner of the front panel. 

The galvanometers employed with the student po- 
tentiometers are of the Rubicon Spotlite type, which 
offer a comparatively high sensitivity in a rugged lamp 
and scale instrument. For practical reasons it has been 
found best to have the galvanometer cord (which in- 
corporates the required.step-down transformer) plug 
into an a.-c. outlet at the rear of the potentiometer case. 
The separate line required for connection to the 110-v. 
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main is provided with a S.P.S.T. H & H rotary switch 
and a pilot light. The galvanometer damping resis- 
tance is permanently connected in parallel with the 
galvanometer coil; the resulting decrease in sensitivity 
is negligible since the damping resistance is about six 
times the coil resistance. If it is desired to have the 
damping resistance momentarily cut out when the gal- 
vanometer circuit is closed, the use of H & H two-circuit 
push switches is recommended. These and all other 
auxiliary parts referred to are available as standard 
items from radio parts jobbers. 
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Oesper.) i 

















h the 
tivity 
ut six 
re the 
e gal- 
ircuit 
other 
ndard 


con- 
The 
uloyd 
. this 








lége 
Use 


own 
tter 
VAL 
1 EL 





Vavor losses during the storage of volatile liquids can 
be substantial. In addition, when inflammable ma- 
terials are being handled, the fire hazard cannot be ig- 
nored. These facts are perhaps nowhere better under- 
stood than in the petroleum industry which is called 
upon to store millions of gallons of highly volatile liquids 
every year. 

Ordinary gasoline, for example, has a vapor pressure 
of 6.5 p.s.i.a.at 70°F. Let us assume that we have this 
gasoline in a covered storage tank, vented to the atmos- 
phere. According to Dalton’s Law, then, there are in 
the vapor space above the liquid four molecules of 
vaporized gasoline for every five molecules of air. 
This condition exists, of course, only under static 
conditions. Normally, air currents will cause some of 
the vapor to escape, and approximately 40 per cent 
of the escaping gases will be gasoline. Losses of this 
type are referred to as windage losses; they account for 
approximately one-half of the standing storage loss in 
tanks not equipped with vapor tight roofs. 

Storage tanks are also subject to the diurnal fluctua- 
tion in temperature. If the tanks are vented to the 
atmosphere, air is inhaled at night and exhaled during 
the day, thereby leading to breathing losses. In this 
process, condensation of gasoline takes place on the 
under side of the roof plates as a result of the convection 
currents set up during the inhaling process. Since the 
roof plates readily absorb heat, the condensed vapors 
evaporate rapidly and are vented during the exhaling 
period. Through a combination of breathing and wind- 
age as much as 1500 gallons of gasoline out of 275,000 
can be lost in 20 days. This loss, of course, is cumula- 
tive and over a period of years can be quite substantial. 

Another factor contributing to vapor loss in vented 
tanks occurs during emptying and filling. During 
withdrawal, air is drawn in through the roof vents and 
is soon saturated with hydrocarbon vapors. In the 
filling process the air-vapor mixture is of course forced 
out through the vents leading to what are known as 
filling losses. Finally, we have losses arising from the 
boiling of volatile liquids; for example, motor gasoline 
will boil at around 130°F., while some of the lighter 
fractions like isobutane going into its manufacture 
boil at about 10°F. 

Taken altogether, these vapor properties of petroleum 
products present a very complex problem to the engi- 
neers. The seemingly obvious answer to storage is of 
course totally enclosed containers, but these immedi- 
ately become pressure vessels, the design and construc- 
tion of which are highly specialized techniqyes. Fur- 
thermore, the cost of pressure vessels is no small mat- 
ter, though there is little doubt that the accumulated 
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HUGH HARVEY 
Shell Oil Company, New York City 


savings resulting from their use, not to mention the 
added degree of safety they bring, make them a good 
investment, especially for large capacity tanks and 
highly volatile liquids. 

There are many types of pressure vessels designed 
for storing volatile liquids and gases, the most familiar 
being the gas holders in gas plants and the cylinders 
used for transporting compressed gases like hydrogen 
and oxygen. The gas holders are the variable volume 
type of pressure vessel and are rarely used at pressures 
above 10 p. s. i. Cylinders have, of course, a fixed 
volume and can withstand pressures as high as 2000 
p. s. i. or more. 

These extremely high pressures, however, do not enter 
into the handling of petroleum products. For some of 
the extremely volatile fractions, like butane and pro- 
pane, cylindrical tanks are sometimes used, but when 
large quantities are involved, pressures rarely exceed 
250 p. s. i. For this purpose, a cylindrical shell with 
hemispherical heads can be used, and tanks holding as 
much as 12,000 barrels have been built in this manner. 

By far the best closed container for handling volatile 
liquids is obtained by using spherical construction. 
Vessels of this type are of two classes, the sphere and 
spheroid. For liquids requiring pressures of from 25 to 
100 lbs. per sq. in. or higher, the hortonsphere is used. 
These are true spheres and have the smallest surface 
area for a given volume. Stresses are equally dis- 
tributed when the internal pressure is uniform. 

Hortonspheres may be 65 feet in diameter and have a 
capacity of 25,000 bbls. or 144,000 cubic feet. The 
advantages of large-scale storage are twofold. Large 





Great Lakes Pipe Line Company, Fairfax, Oklahoma. 


Did You Ever Wonder Why Gasoline Tanks Are Often 
Built Like This? 


Shellphoto. 
Figure 1: 
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containers are less subject to transient temperature 
variation than small containers and, therefore, pres- 
sure conditions inside vary over a narrower range. 
From an economic point of view, a 10,000-bbl. horton- 
sphere requires only one set of pipe fittings, while this 
corresponding capacity stored in cylindrical tanks might 
require many times this number of fittings. 

In some cases spherical vessels are used to store natu- 
ral gas. Vessels of this type are two concentric 
spheres with a layer of insulating material three feet 
thick between them. Under these conditions 50,000,- 
000 cubic feet of natural gas at normal temperature 
and pressure can be stored in 97,000 cubic feet. The 
gas is first compressed to about 600 p. s. i. and then 
cooled to —130°F. by ethylene and ammonia. At this 
stage, it is suddenly allowed to expand to about 3 
p. s. i. in well-insulated vessels, and the temperature 
drops to —250°F. When stored in the insulated 
spheres, pressure remains low over long periods. 
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The Hortonspheroid is of two types, the plain and the 
noded. These vessels are designed to conform to the 
shape assumed by a rubber bag containing gas and 
liquid under pressure; this is an oblate spheroid. The 
plain spheroid is shown in Figure 1 and the noded 
spheroid in the Frontispiece. Plain spheroids usually 
handle only pressures up to 30 p.s. i. while the noded 
type rarely exceed 15 to 20 p.s.i. The advantage of 
the. noded spheroid is the great capacity that can 
be gained by such construction. Some units handle 
100,000 bbls. or more of motor fuel. Top and bottom 
are connected by internal structural members which 
serve to offset gas pressure and support the top. 
Plain spheroids employ no inside framing. Both types 
rest on the ground inside a steel cradle, and design is 
standardized so that soil-loading is never excessive. 
These vessels are particularly useful in cold climates 
when containers with floating roofs may experience 
difficulty because of ice and snow. 





ORIGIN of COALS, OIL, ASPHALT, & NATURAL GAS 
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—By the late Dr. Ernst Berl. 


Reprinted from the Carnegie Technical (October, 1946). 
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AVERAGE MOLECULAR WEIGHTS 


OF HIGH POLYMERS 


In tHe study of high polymers a number of different 
types of average molecular weights are introduced which 
offer great difficulty to beginners. The following ap- 
proach has been found helpful to the teaching and 
understanding of these concepts. 

The term “average’’ has in ordinary usage only one 
significance, the familiar concept of the mean value. 
But, mathematically, it has an extensive sense. Sup- 
pose we have a series of pairs of numbers 


(ai,%1), (2,42); (X3,Ys) eee (2i,4s) oe «(2nyYn) 
Clearly, we have 


_ af ayy) 
7 fay) 


where f(x,y) is any function of x and y. The average 
value of x is defined as #, where 





. _ Ulxif(xi,yi)] 

} ——— Bf(xiyys) (1) 
and this average is to be called average value of x with 
respect to f(x,y) and symbolized as Zyz,y). In other 
words, whenever a fraction simplifies to z, its summa- 
tion value, the numerator and the denominator having 
been summed separately, is an average of x with re- 
spect to that denominator. 

If M, is the molecular weight of the 7 polymer, whose 
number is NV, we have ~ 





M = MN/N 
and therefore, 
= =MiN; 
My = EN, (2) 


This is the number average molecular weight, which is 
evidently the same as the mean or average molecular 
weight as usually understood. 

Now, we might multiply both the numerator and the 
denominator by M when we get another average mo- 
lecular weight—that is, we have 





M2N 
wee a 
and therefore 
— =M;2N; 


Since M,N, is the total weight of the 7 polymers, this 
average is called weight average molecular weight and 
is usually symbolized M,,. 

By a similar process and by using different types of 
functions, we can have an infinite number of types of 
average molecular weights, for example 


SANTI R. PALIT 
Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 


Me +1N 


M° = =n 





Therefore, 


= =M;*t1N; l/a 
Mea ( =MN; 


(4) 


This leads to another average molecular weight which 
is the ath root of the weight average value of M*, and 
this is called viscosity average molecular weight M, for 
reasons to be explained shortly. 


NECESSITY OF THE DIFFERENT 
MOLECULAR WEIGHTS 


These different molecular weights had to be intro- 
duced because of the differencein the methodsof molecu- 
lar weight determination. In any such method we 
measure a property which is related to the molecular 
weight and therefrom calculate the molecular weight. 
In a homogeneous substance the methods do not matter 
and we arrive at the same value of the molecular weights 
because any kind of averaging will lead to the same 
value. 

In a polydisperse system this is not generally true, 
however. For example, the osmotic pressure exerted 
by a small molecule is the same as that by a big mole- 
cule and so, since the osmotic pressure is proportional 
only to the number of units in solution irrespective of 
their weights, we arrive at a number average molecular 
weight by such measurements. On the contrary, in 
light scattering measurements, the bigger particle will 
scatter more than the smaller particle, and so the total 
scattering is not proportional to the total number. 
However, some function of the scattering by each 
molecule is obtainable which is proportional to the 
weight of each molecule. Hence, the calculated mo- 
leular weight is a weight average, molecular weight. 
Similarly, intrinsic viscosity has been shown to be pro- 
portional, not to the molecular weight, but to its ath 
power, [n] « M*, where ais a constant. This, on cal- 
culation, will lead to another type of molecular weight, 
the weight average of ath power‘of molecular weight 
(M*),,, the ath root of which for simplicity is called 
viscosity average molecular weight, M,. 

Suppose we could measure a property of a polymer 
solution which is proportional to the logarithm of the 
molecular weight. The calculated molecular weight 
will be the weight average value of logarithm of molecu- 
lar weight, z. e., (log M),,, and the value raised to the 
power of e will give a new type of average molecular 
weight. This shows the necessity of introducing the 
various average molecular weights. 
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SIGNIFICANCE AND RELATIONSHIP 

The above line of reasoning clearly shows that aver- 
aging is a mathematical process involving a division, 
and therefore it can be visualized only if the terms in- 
volved in the division can be visualized. In equation 
(2) M,N, is a weight and N, is a number, and therefore 
we can visualize it as a weight per unit number, 7. e., 
the weight was divided equally among all the numbers. 
But we cannot imagine weight weight, which is the 
numerator of equation (3), and therefore we cannot 
visualize the meaning of the weight average molecular 
weight except to call it molecular weight per unit 
weight. 
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That number average is always less than the weight 
average can be easily shown, Suppose in a sample of 
polymer we introduce n more polymer molecules of 
zero weight each. The sample apparently remains 
unchanged, but its number average molecular weight 
goes down whereas the weight average remains un- 
changed. This shows clearly that the introduction of a 
low molecular weight fraction decreases the number 
average more than the weight average. Since any 
polymer may be regarded as to be formed by introduc- 
tion of low molecular weight fractions to the highest 
molecular weight fraction, the number average will 
always be less than the weight average. 








Atoms and Human Nature 
To the Editor: 


While scientists in many fields are finding new inter- 
est in the broader implications of their work for society 
and individual human beings, it might be profitable to 
direct more attention to the limitations of the atomic 
theory, which is the basis of so much of our thinking. 

An atomic theory of matter was proposed at least 24 
centuries ago, and ably presented, but it fell into almost 
complete neglect during a very long period. Many 
reasons for this can be suggested, but there is ground 
for a strong suspicion that the failure of- the theory to 
deal adequately with human nature, was partially re- 
sponsible. We may ask ourselves whether we are doing 
any better with the modern atomic theory. 

We know, when we pause to think of it, that the 
mental pictures of atoms, as found in present-day forms 
of the atomic theory, are abstractions, artificial conven- 
iences constructed as a rule by physicists and chemists 


with primary regard to their utility in the physical — 


sciences. In fact, we have found ourselves strongly 
tempted at times to consider only the field in which we 
were most interested and to employ different atomic 
theories in chemistry and in physics. 


We have found it profitable to teach our pupils the 
limitations of the apparatus and methods which are em- 
ployed in the laboratory. Would it not be equally 
profitable to point out more carefully the limitations of 
the mental instruments which are so valuable to us? No 
one would deny that the atomic theory is a tool fully 
as important in the advancement of science as the ana- 
lytical balance or the glass electrode, yet how many of 
our college graduates are aware that the concepts of 
the atom which they have learned are, at best, related 
to reality in the same way that a dressmaker’s form is 
related to Marie Curie or Florence Nightingale? 

Too many people have the impression that we are 
offering the atomic theory as the summary of all reality 
and sole explanation of human behavior, that every- 
thing is nothing but atoms. We can make a contributon 
to the integrated understanding of human nature which 
is so greatly needed today by pointing out clearly the 
incomplete and abstract nature of our physical atomic 
theories. 

Cart T. BAHNER 


Carson-NEWMAN COLLEGE 
JEFFERSON City, TENNESSEE 


To the Editor: 

Most textbooks of general chemistry define oxidation 
as the loss of electrons and reduction as the gain of elec- 
trons. The former term is particularly inept since it 
suggests that oxygen is necessarily involved in oxida- 
tion. Inasmuch as the electron shift appears to be the 
important component of these processes, it should be 
possible to coin more suitable terms. Since ‘‘oxida- 
tion” involves the loss of electrons, this process might 
be called “eldonation”’ (the process of electron doning) ; 
“reduction” could be called ‘“elcepation” (the process of 
electron accepting). A so-called “redox” reaction 
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could be described as an ‘“‘elcepdon” reaction and “‘oxi- 
dation-reduction”’ could be termed “elcepdonation.” 

The changes in nomenclature could be tabulated as 
follows: 


Oxidation Eldonation 
Oxidize Eldonize 
Oxidized Eldonized 
Oxidizing agent Eldonizer 
Reduction Elcepation 
Reduce Elcepize 
Reduced Elcepized 
Reducing agent Elcepizer 


There is one other term in general chemistry which 
is also somewhat less than appropriate. This is the 
term “normal” as referring to a solution containing 
one equivalent of a substance per liter of solution. 
Would not a term like “equant’’ better express this 
idea, and without any reference to the “normality” or 
“abnormality” of the solution? The word equant could 
be abbreviated £, and since it could refer to either elcep- 
donation or acidimetry, the subscripts e or a could be 
added. Thus a solution could be 1 #, or 1 E,, or simply 
1 E if the meaning were already mentioned. The adop- 
tion of this symbol, #, would eliminate the awkward- 
ness of using N which also stands for the element, ni- 
trogen, and hence causes some confusion, especially in 
such phrases as 1 N H,SO,. The use of the symbol £ in 
physical chemistry should not prove embarrassing 
since the latter is often written as EK, or E’ and particu- 
larly because the expression H, when relating to an 
equant solution, would be followed by the formula for 
the compound under consideration. 

CHARLES BISHOP 


Kent State UNIVERSITY 
Kent, On10 


To the Editor: 

A recent article “Catalysis and the elementary chem- 
istry course” [J. A. Campbell, Tois JourRNAL, 23, 582 
(1946) ] raises some interesting questions. Experiments 
are described on the catalysis of the decomposition of 
potassium chlorate to form oxygen, and it is shown that 
among metallic oxides only those of metals having more 
than one valence catalyze this reaction. Can we con- 
clude from this observation that these catalysts enter 
into the reaction? 

We might assume the following mechanism: 


3 RO, + KCIO; ~ KCl + 3 ROn,1 (1) 
2 ROn1 > 2 RO, + Oz (2) 


Both these reactions would have to occur more rapidly 
than the uncatalyzed decomposition of KClO;—that is, 
the higher oxide RO,+1 would have to evolve oxygen 
more rapidly than the uncatalyzed KCIO;. Yet we are 
specifically told to exclude from consideration oxides, 
such as PbO2, BaOz, NazO2, or HgO, which release oxy- 
gen as readily as potassium chlorate does. 

Moreover, we are told that it is not the lower oxides, 
but the higher, which are catalysts. The lower oxides 
are first changed to the higher oxides, which then are 
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catalysts, and remain chemically unchanged as the 
higher oxides. 

Baffled in our first attempt at devising a working 
hypothesis, we may proceed on the assumption that the 
higher oxide is first reduced by the potassium chlorate, 
although it is not easy to think of any good reason why 
a higher oxide should be reduced by an oxidizing 
agent, and such a reaction would be in more urgent 
need of a mechanism than the reaction it is intended to 
explain. But, by-passing this, the “mechanism’”’ of the 
main reaction would then be something like this: 


ROn+1 + KCIO; => KCl oa RO, + 2 O. (3) 
3 RO, + KCIO; ~ KCl + 3 ROn4: (4) 


There would then be no difficulty in assuming that both 
these reactions are more rapid than the uncatalyzed de- 
composition of potassium chlorate, once we have satis- 
fied our consciences about assuming reaction (3) at all. 
There is always this convenient feature of a sufficiently 
far-fetched hypothesis, that the necessary sub-hypothe- 
ses can be made without fear of contradiction. 

We have then, in a way, “explained” the catalytic ac- 
tion of the higher oxides. Yet one troublesome question 
remains: why is the lower valence state necessary at 
all? Why shouldn’t the oxides of elements which have 
only one valence do the same thing? What is to prevent 
their being reduced by the oxidizing agent to the ele- 
ment and then oxidized back again? This is the incon- 
venience of far-fetched hypotheses; they are apt to ex- 
plain too much. I imagine that some students, who 
try to do a little honest thinking on this problem, are 
as baffled by it as I am. 

However, the catalytic activity of oxides of some 
metals having more than one valence and the absence 
of catalytic activity among oxides of elements having 
only one valence are very striking. Let us suppose that 
some explanation of it is forthcoming, based on the hy- 
pothesis that the oxide undergoes alternate oxidation 
and reduction. We have still not proved that the cata- 
lyst enters into the reaction by isolating, or otherwise 
demonstrating the presence of, any intermediate prod- 
ducts; we have only hypothesized that there are such 
intermediate products. That these catalysts enter into 
the reaction remains a plausible hypothesis only. 

It may be true that this experiment “quickly con- 
vinces students that, in one case at least, the catalyst 
has an important role as a chemical, and not just as a 
bystander.”’ But if they are so convinced, it is on inade- 
quate grounds. Science students are not experts in 
drawing scientific conclusions from experiments—that 
is why they are science students. Every time they are 
led to form valid conclusions from experiments, they are 
helped in learning to practice the scientific method. 
Every time they are led to be “convinced” of some con- 
clusion which does not follow from the data, they are 
hindered, not helped, in understanding the scientific 
method. 

ANTHONY STANDEN 


Tue INTERSCIENCE ENCYCLOPEDIA, INC. 
Brookiyn, NEw YORK 





Out of the 


eo Fellowships 


Union College has announced the third annual award 
of 50 fellowships known as the General Electric Science 
Fellowships for Teachers, open to teachers of chemistry 
and physics in the Eastern States. These fellowships 
admit the holders to courses during the summer, con- 
ducted by the faculty of Union College in cooperation 
with the scientific staff of the General Electric Com- 
pany. 

One of our correspondents, Thomas B. Greenslade, 
of the Port Richmond (New York) High School, who 
held one of the fellowships last summer wrote about his 
experiences as follows: 

The purpose in giving these Fellowships was clearly explained 
by Mr. A. D. Marshall, Assistant Secretary of General Electric 
and Secretary of its Education Committee, on the August 7th 





Courtesy of the Dow Chemical Company 


Here Equal Weight of Styron and Expanded Styron Are Compared. 
The Difference in Volume of the Two Pieces Is Approximately 42 
Times. For Illustration, the Increase in Volume Was in One 
Direction Only. 








Science Forum program over WGY, Schenectady, when he said, 
“Dr. Willis R. Whitney, the founder of our research laboratory, 
is the author of the oft quoted remark that discoveries and inven- 
tions are not terminals but starting points from which ‘we can 
soar to new knowledge. We now have more starting points than 
ever before in human history. Where we go is in the hands ot 
the next generation of this country’s scientists. General Electric 
undertook this program because it feels that no task in America 
today is more important than the encouragement, the teaching, 
and the guidance of this next generation. In their hands, some 
day not too far distant, will be the whole responsibility for our 
continued technical advancement. And whether they are well 
or ill prepared for that responsibility rests, right now, with their 
science teachers.” 

The program of study was designed to enlarge each Fellow’s 
grasp of recent developments in the physical sciences. Union 
College, with its fine educational facilities, and General Electric, 
with its tremendous technical resources, form a unique combina- 
tion for the promotion of this program. Pedagogical methods 
were not studied as such, but many novel methods of presenting 
subject matter were developed during the summer. 


@ Records 


Two 20-minute recordings, on phonograph records, 
have been made by Drs. Glenn T. Seaborg and Neil 
Hamilton. One is on the story of the atomic bomb, 
which tells about atoms, atomic weights and numbers, 
isotopes, and chain reactions; the other, “‘Peacetime 
Uses of Atomic Energy,” explains the uranium pile, 
radioactivity, tracer reactions and their applications to 
industry and medicine. These records, which are in- 
tended especially for brief programs before clubs and 
for school use, may be had from Lewellen’s Club Pro- 
ductions, 8 8. Michigan Ave., Chicago. 


® Expanded Plastics 


The product known as “Styrofoam” was described 
in an article in our September, 1945, number, page 442. 
The two new pictures shown here illustrate some of its 
peculiar characteristics. 





Courtesy of the Dow Chemical Company 


Left to Right: Two-Inch Cube of Cork Weighs 19.5 Grams, of 
Balsa 22 Grams, and of Styrofoam 3.6 Grams. 
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i) New Chart 


A new 1947 edition of the Hubbard Chart of the 
Atoms is now available. The outstanding addition is 
the newly discovered elements resulting from atomic 
bomb research. The 1947 atomic weights are included 
and all constants have been revised to correlate recent 
research as applied to all of the 33 different characteris- 
ties of the atom, making an up-to-date tool for the stu- 
dent and research chemist and atomic physicist. The 
manual accompanying it has new tables and graphs of 
correlation of atomic structure with physical and chemi- 
cal properties. This chart, as well as one on organic 
chemistry and another on atomic structure, may be ob- 
tained from the W. M. Welch Manufacturing Company, 
1515 Sedgwick Street, Chicago, Illinois. 


fy Their Worth 


Make what you can out of this one, which appeared 
in the announcement of one of the new research insti- 
tutes, established in connection with a small university: 

“The salaries of our full-time staff are not related to 
academic salaries; we expect to pay our technologists 
what they are worth and in return expect work of the 
(The italics are ours!) 


highest quality.”’ 





fe) Geiger Counter 


A portable beta-gamma count rate meter, for general 
radioactivity surveys, has been developed by Instru- 
ment Development Laboratories, 817 E. 55th St., 
Chicago 15, Illinois. It is an accurate and convenient 


device for locating radioactive products which may be 
health hazards or which may exist as stray materials in 
laboratories, lockers, and workrooms, or on desks or 
laboratory clothing. It is also used in radioattive-ore 
surveys, and for finding radon needles and other lost 
-accessories. 


(See above.) 







* ‘ #3 


Photo by Dave Eberhardt 


An Easy Way of Dispensing Liquid Laboratory Reagents. Gentle 
Pressure on the Bulb Controls the Flow. (Contributed by James R. 
Irving, Maine Township High School, Des Plaines, Illinois.) 


ey Magnesium 


The results of American wartime research on magne- 
sium metallurgy are available to industry in 45 reports 
now on sale by the Office of Technical Services, De- 
partment of Commerce. Important additions to exist- 
ing knowledge concerning the uses and properties of 
magnesium and its alloys are contained in these reports. 

Prewar production was 2500 tons a year; by January, 
1946, it had jumped to 160,000 tons. Extensive and 
thorough studies of many important problems are 
treated in the reports. Among the subjects discussed 
are deformation characteristics of magnesium alloys, 
foundry techniques and practices, fatigue properties, 
heat treatment, formability of maghesium alloy sheet, 
stress corrosion properties, 
protective coatings, and 
high temperature character- 
istics. 


8 Microscope 


A new standard micro- 
scope has been announced 
by the Federal Manufac- 
turing & Engineering Cor- 
poration, of which an illus- 
tration is shown. It is not 


only low-priced, but has 
some novel features. 











Report of the 
NEW ENGE 


OF CH 






THE PHYSICS OF PRECIPITATION 


IN THE ATMOSPHERE’ 


Aone the earliest plausible theories of the formation 
of precipitation was that of Hutton, a British geologist 
of the 18th century. He believed that rain was pro- 
duced by the mixing of humid masses of air having dif- 
ferent temperatures. His ideas were based on the fact 
that the capacity of a mass of air to contain water 
decreases more rapidly than in direct proportion to the 
temperature. The following table giving the satura- 
tion specific humidity for certain temperatures shows 
the number of grams of water vapor per kilogram of 
saturated air, at a pressure of 1000 millibars: 


AS g. | kg. Oe g. | kg. 
—40 0.11 5 5.44 
—30 0.32 10 7.67 
—20 0.78 15 10.7 
—10 1.79 20 14.7 
0 3.80 25 20.0 
30 26.9 


From this it can be seen that when two masses of air, 
both saturated and at different temperatures, are 
mixed, the mixture is too cold for it to hold all the water 
vapor originally contained in the separate masses. 
Consequently, some of the water vapor must drop out 
to condense either as a cloud or as precipitation. 
While it is perfectly true that a small amount of pre- 
cipitation might be realized from such a process, it 
does not occur on a large enough scale to account for 
even a light rainfall, not to mention the innumerable 
cases when the two conditions of saturation and tem- 
perature difference are not satisfied. It might also 
be added that the release of the latent heat of condensa- 
tion would tend to raise the temperature of the mix- 
ture and hence lessen the amount of precipitation pos- 
sible. Yet in spite of its shortcomings, this theory of 
the formation of rain was accepted for about 100 years, 
or until near the end of the 19th century. 

The next concept of the primary cause for condensa- 
tion and precipitation was that of dynamic cooling in 
ascending air currents. As the air rises, it expands be- 
cause of reduced pressure, thereby lowering its tempera- 





_} Presented at the 238th meeting of the New England Associa- 
tion of Chemistry Teachers, Boston College, December 7, 1946. 


ROLAND J. BOUCHER 


United States Weather Bureau, East Boston, 
Massachusetts 


ture. The amount of water condensed is limited only 
by the amount of the moist air lifted sufficiently to cool 
it below its saturation temperature. This cooling 
process is generally considered to be adiabatic. This 
theory seems to agree very weil with observed phenom- 
ena and is the one which we hold today. 

Here are a few examples of how a moist current is 
lifted to cause cooling and condensation: 


(1) Convection; 

(2) Forced ascent of moist air current over a cold 
wedge; 

(3) Lifting of warm moist air by undercutting cold 
air; and 

(4) Orographic lifting of moist air. 


Just for the sake of completeness there are two other 
ways in which condensation may occur. These are 
the cooling of moist air by (1) radiation to space and (2) 
contact with a cold surface. These, and especially the 
contact cooling process, are particularly important’ in 
the formation of fog, but do not produce precipitation. 

For a long time condensation and precipitation were 
confused, and the terms even: used interchangeably. 
It was believed that if conditions were sufficient for in- 
tense condensation, there should immediately follow 
intense precipitation. But this did not agree with ob- 
served facts, for there is much cloudiness which fails to 
produce any precipitation. It was finally realized that 
some sort of release was necessary to start the process 
of precipitation from existing cloudiness. Before we 
examine the hypotheses dealing with this mechanism, 
it might be well to go over a few fundamental ideas on 
condensation. 

It has been proved beyond reasonable doubt that at- 
mospheric condensation cannot occur on a wholesale 
scale without nuclei of condensation. Condensation 
without the help of nuclei would require a tremendous 
degree of supersaturation in the atmosphere far beyond 
any value ever observed. The reason for this is that 
owing to the effects of surface tension, the vapor pres- 

sure over a convex surface is greater than that over a 
plane surface by an amount which varies inversely with 
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the radius of curvature. For a very small drop the 
vapor pressure becomes. excessively high. For this 
reason it is impossible for a drop to form as its vapor 
pressure would approach infinity at the start of its 
existence. 

This is quite evident from the following expression for 
the difference in the vapor pressure near the drop from 
that near a plane surface: 


oe 32 











i a or ao 

Here p; is the vapor pressure near the drop, pe is the 
vapor pressure near the plane surface, o is the density 
of the vapor, p is the density of the liquid, T is the sur- 
face tension of the liquid, and r is the radius of the drop. 

Fortunately there are present in the atmosphere at all 
times plenty of hygroscopic nuclei, which consist for the 
most part of fine salt particles. These hygroscopic 
particles not only furnish nuclei of finite size for the 
droplet to start on but their attraction for water allows 
condensation to begin at considerably lower vapor pres- 
sures than would otherwise be possible. Depending 
upon the nature and size of these particles, it may be 
possible for condensation to begin at relative humidities 
as low as 97 per cent. Because of the lower vapor 
pressures required for condensation on convex surfaces 
of relatively large radii of curvature, condensation will 
first take place on the larger nuclei. The smaller 
ones which require a greater degree of saturation will 
become active only. if there is an insufficient number of 
the larger nuclei present. 

The rate of growth of the droplets varies as an inverse 
function of the drop size according to the following ex- 
pression : 

a? = A? + 8K(D — Dp)t 


Here a is the drop diameter at time t, A is the initial 
drop diameter, K is the diffusion coefficient of water 
vapor in air, and (D — Dp) is the difference between 
water vapor density in the atmosphere and at the 
surface. Using this expression, we find that two drops 
initially of 0.2 and 2.0 microns diameter, respectively, 
will reach a size of 10.0 and 10.2 microns at the same 
time. 

The nuclei vary considerably in size, but because of 
the change in rate of growth as the droplet size in- 
creases, all drops tend to reach their maximum size at 
about the same time. This property produces clouds 
with a fairly uniform droplet size which, as we shall see, 
is a deterrent to precipitation since it prevents amalga- 
mation of the droplets to the size necessary for rain. 
The maximum size of the droplets formed by condensa- 
tion is limited by the amount of the water available. 
This is generally considered to be on the order of 50 
microns in diameter. 

The water vapor condensed into cloud form can be 
regarded as a colloidal suspension of water in air. 
This suspension may be stable, in which case tht drop- 
lets do not coalesce and there is no precipitation, or it 
may be unstable, in which case there is droplet coagula- 
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tion and subsequent precipitation. The conditions 
under which a cloud will remain stable are as follows: 

(1) A uniform electrical charge on all the cloud 
droplets—that.is, a charge of the same mag- 
nitude and polarity; 

(2) A uniform size of cloud droplets; 

(3) A uniform temperature of cloud elements so 
that there exists no appreciable difference 
in vapor pressure between one part of the 
cloud and another; and 

(4) A uniform motion of cloud elements which im- 
plies lack of turbulence which might force 
collisions between droplets and result in amal- 
gamation. 

The nonfulfillment of any of these conditions will re- 
sult in colloidal instability which, if of sufficient mag- 
nitude, will cause the droplets to coalesce and result in 
precipitation. 

There is considerable evidence to show that raindrops 
result principally from coalescence of cloud particles 
and that little if any rain results from the growth of 
certain particles at the expense of others. The analy- 
sis of rainwater shows that the chloride concentration 
is practically the same as that in cloud water. If selec- 
tive growth occurred on any large scale, the rainwater 
should show a weaker concentration. A German 
meteorologist, Defant, who measured over 10,000 
raindrops, found that their masses are integral multiples 
of a standard size, showing that the larger drops were 
probably formed from smaller droplets. 

It seems logical to assume that the most rapid coagu- 
lation should occur from collisions between cloud par- 
ticles of unlike size which, because of their different 
size, will fall at different velocities. The larger will 
overtake the smaller and will also coalesce with all the 
drops in their path unless carrying high electrical 
charges of the same sign. 

To illustrate this process, let us assume that a cloud 
contains one gram of liquid water per cubic meter, 
consisting of droplets 20 microns in, diameter formed 
by condensation on hygroscopic nuclei. By collision 
between a few droplets, probably through turbulence 
within the cloud, often observed, a number of 25- 
micron drops form. These will immediately begin to 
fall relative to the 20-micron drops and in eight ntinutes 
will attain a diameter of 100 microns. With only an 
additional fall of 1500 ft. through the cloud, the 100- 
micron drops will grow to 1 mm. or 1000 microns. 
Drops of this size are classified as moderate rain. It is 
evident from this example that the rain-forming proc- 
ess, once the conditions have been established, is a 
very rapid one. The final size of the drop after leaving 

the base of the cloud will depend on four factors: 


(1) Size of original cloud particle; 

(2) The liquid water content of the cloud; 

(3) The depth, 7. e., vertical thickness of the cloud 
layer, through which the drop falls; and 

(4) The vertical velocity of the ascending air cur- 


rent which is essential to produce the initial 
condensation. 


The higher the velocity, the 
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longer the drop will remain in the cloud and 
the larger it will grow. 

The following table gives comparative drop sizes 
and fall velocities of various types of liquid pre- 
cipitation: 

Fall velocity, 


Diameter, mm. m/sec. 


Mist 0.1 0.25 
Drizzle 0.2 0.75 
Light rain 0.45 2.00 
Rain 1.0 4.00 
Heavy rain 1.5 5.00 
Very heavy rain 2.1 6.00 
Cloudburst 3.0 7.00 
Maximum possible drop size* 5.0 8.00 


* Drops larger than 5 mm. will break up into smaller drops. 


There are two other possible causes of coalescence 
of cloud particles. These will be mentioned briefly 
for the sake of completeness, but are considered unim- 
portant for the reason that they are much too slow in 
action. One of these is the hydrodynamical attraction 
between two drops of equal size falling side by side, and 
the other, the molecular impact upon the droplets pro- 
duced by Brownian movement. 

Among the most recent theories on the physical 
process of precipitation is one proposed by Bergeron, 
a Norwegian meteorologist, and Findeisen, a German 
physicist, in the 30’s. The main feature of this more 
recent theory is that it incorporates an explanation of 
the sudden release of precipitation which is frequently 
observed to take place from hitherto stable cloud masses 
and satisfactorily explains the formation of snow. 

The theory is based on the physical fact that at tem- 
peratures below freezing, the saturation vapor pressure 
with respect to ice is less than with respect to super- 
cooled water. It is an observed fact that in the atmos- 
phere, liquid water droplets exist at temperatures far 
below the freezing point, even as low as —20°C. Now 
if ice crystals are introduced into a cloud consisting of 
super-cooled cloud droplets, the ice crystals will grow 
at the expense of the droplets by virtue of the lower 
vapor pressure over ice. 

Once the ice crystals grow large enough to acquire a 
fall velocity, further growth is insured as long as the 
cloud is of sufficient depth. It matters not if the snow- 
flakes smelt, for they will then become raindrops; 
in fact, a large amount of rain during the cold season 
results from snowflakes which melt in the last few 
hundred feet of their fall. Since this theory postulates 
the presence of ice crystals, it is necessary to explain 
how these may be formed. 

First, however, we must introduce another type of 
nuclei, nonhygroscopic sublimation nuclei. These do 
not act as condensation nuclei but have a shape and 
size suitable for the formation of ice crystals by sub- 
limation of water vapor. It is presumed that when a 
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cloud is cooled, sublimation will occur on these nuclei 
at temperatures of from --10°C. to —20°C. These 
crystals, once formed, will grow at the expense of other 
droplets in a cloud which may eventually evaporate 
completely, leaving only trails of ice crystals, the familiar 
“mares’ tails” so frequently seen preceding a storm. 
This process probably goes on above a precipitation 
area. The ice crystals fall slowly downward into the 
lower cloud layers where the process is repeated until 
real precipitation is produced. In this connection 
might be mentioned the recent experiment conducted 
by members of the General Electric Research Staff. 
This consisted of dropping particles of “dry ice” into a 
stable cloud mass from above and causing a very little, 
but nevertheless real, precipitation to fall out of the 
cloud. In this case the particles of “dry ice” act as a 
catalytic agent, causing a few cloud particles to become 
instantaneously transformed into ice crystals by virtue 
of the extremely low temperature of the “dry ice.” 
The few ice crystals then grow at the expense of the 
other cloud droplets and start the precipitation process 
which apparently changes the cloud from a stable sus- 
pension to an unstable one. 

There are also two other means by which ice crystals 
can be introduced into a supercooled cloud: 

(1) It is possible for some of the supercooled drop- 
lets to pick up nuclei of crystallization (sub- 
limation) by collision and become ice crystals; 
and 

(2) Collisions between supercooled droplets would 
probably also cause crystallization, just as 
stirring of supercooled water will cause crys- 
tallization. 

As can readily be imagined, the process of precipita- 
tion is very difficult to study; most of the knowledge 
about precipitation must be deduced from what can be 
observed and measured at the surface of the earth while 
the process itself takes place several thousand feet up. 
But meager as the knowledge is, a fairly workable theory 
has been put together. There are still numerous points 
of uncertainty which furnish a wide field for further 
study and research. 
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@ AQUEOUS SOLUTION AND THE PHASE DIAGRAM 


Frederick Field Purdon and Victor Wallace Slater. 
Edward Arnold & Company, London (distributed in the U. S. by 
Longmans, Green & Company, Inc., New York). iv + 167 pp. 
47 figs. 35 tables. 19.5 X 26cm. $7.00. 


WHEN A new book on the subject of phase diagrams appears, it 
is natural to compare it with other books in the field, such as 
those by Findlay, Rivett, and Blasdale. The purpose of the 
authors, as they imply in the Introduction, was to write a “‘more 
practical and elementary explanation of the use of phase dia- 
grams” than is given in these other books. They limit their dis- 
cussion to aqueous solutions, and they emphasize the diagrams 
themselves rather than the application of the phase rule to the 
diagrams, although the rule is ‘not ignored completely. The 
order of arrangement of material is similar to that in other books, 
particularly Rivett’s ‘“The Phase Rule.’”’ Probably there is no 
good reason for changing the order. Most of the diagrams given 
in the present volume are diagrams of actual systems; the data 
from which the diagrams were plotted are also given. The authors 
recommend that the reader plot his own diagrams from the data 
as an aid to understanding. 

Although they do not say so in so many words, the authors 
appear to assume that the reader possesses a knowledge of funda- 
mental chemical principles but no knowledge whatever of the 
phase rule. They have succeeded in producing a book from which 
one can understand, without other aids, most phase diagrams in- 
volving aqueous solutions. The discussion of two-component and 
three-component systems is thorough, methodical, and clear. The 
discussion of four-component and five-component systems is 
necessarily more difficult to follow, but even these chapters can be 
understood by a reasonably intelligent reader if he is willing to dig 
deeply. 

Particularly in the first few chapters, the authors show keen 
insight into the difficulties which a beginner in the subject is 
likely to experience—the kind of difficulty which a good teacher 
would anticipate but which might plague a reader who attempts 
to study without a teacher. For example, they distinguish clearly 
between the complex as a whole and the solution, and they explain 
carefully the difference between condensed systems and systems 
in which a vapor phase must be considered. They emphasize the 
fact that phase diagrams refer to equilibrium conditions; it 
would have been better if this point had been made at the start. 
As it is, the first such emphasis is on page 31, where these words 
appear: ‘‘... the conclusions arrived at assume that the mixture 
has been given full opportunity to reach equilibrium between 
solid and liquid.”” The method of wet residues and the. synthetic 
complex method for determining the composition of the solid 
phase are especially clearly presented. The authors are to be con- 
gratulated for refusing to idealize the diagram selected for illus- 
tration of the method of wet residues; by giving the diagram as it 
was actually obtained from the experimental data the unavoidable 
experimental errors which occur in this kind of work are quite 
apparent. 

There are several chapters on practical applications; these 
chapters help to fulfill the authors’ announced purpose of produc- 
ing a book more practical than most other books in the field. The 
use of phase diagrams to aid in obtaining pure salts by various 
methods from mixtures of salts and water is explained in detail. 
Methods of calculating the quantities of salts and mother liquors 
in the various processes are included. A good deal-of space is de- 





voted to a discussion of Jinecke’s projection and some of its 
practical applications. 

Solid solutions are specifically excluded from consideration, ex- 
cept for two brief sections. The authors agree with Ricci in dis- 
carding Rivett’s idea of ‘‘universal solid solution.”” The book is 
fairly brief; it seems to the reviewer that a more complete dis- 
cussion of solid solutions would be useful and could have been in- 
cluded without making the book too long. 

The publishers are to be commended for a good printing job, 
but they (or the American distributors) can be severely criticized 
for setting the price of the book absurdly high. The poor quality 
of paper and cover is probably unavoidable for a book printed in 
Great Britain under present conditions. 


WILLIAM E. CADBURY, JR. 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


a ENDLESS HORIZONS 


Vannevar Bush. Public Affairs Press, Washington, D. C., 
1946. viii + 182 pp. 15 X 23cm. $2.50. 


Tue autuHor of “Endless Horizons,” or more accurately the 


author of the various articles from which “Endless Horizons’’ is 
compiled, has been much in the public eye through his direction 
of the Office of Scientific Research and Development in the war 
years. His exposed position made a book of this type inev- 
itable. The introduction and acknowledgment are rather 
vague as to who is responsible for its appearance, but one gets the 
impression that it was put together by Dr. Bush’s admirers for 
three reasons: to illustrate Dr. Bush’s lines of thought on diverse 
topics; to illustrate the variety of fields in which he is eminent; 
and to do this while his name is still news. 

This is not said in detraction of the book or the compilers’ 
motives, but to emphasize that it is not a new book. It is a selec- 
tion from the author’s previous writings, principally of the most 
recent years. Readers of ‘“Science—The Endless Frontier” have 
been over much of the same ground already. It deals with prob- 
lems of organized research, of patent reforms, of everyday living, 
of atomic energy, of war and peace, and of governments. End- 
less problems, rather than endless horizons, might be a more fitting 
title. The title conjures up visions of plastic bathtubs and chro- 
mium cradles, and to that extent is misleading. 

. The author writes with a sure hand, knows his subjects, never 
wastes words or indulges in trivialities, turns up refreshingly new 
viewpoints, and will be a pleasant experience to those meeting him 
for the first time. Many of his topics possess current interest, but 
these are embedded in a matrix of the recurring problems which 
always plague mankind, and the whole treatment of them will 
hold the interest of mature readers and thinking students. Those 
who have kept abreast of the author in recent years will find noth- 
ing new unless, like myself, they have missed the brief final chap- 
ter entitled ‘The Builders.” This is a beautiful piece of writing 
which deserves the attention of anyone working in a field of sci- 
ence. 

One hopes that Dr. Bush will yet find time to write the defini- 
tive book for which his experience qualifies him in unique fashion. 
Its appearance will be an event of major importance. The 
volume under discussion here will only attract a limited audience. 


DOUGLAS S CALDER 


Forest Propucts CHemMicaL CoMPANY 
Mempuis, TENNESSEE 
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& THE CHEMISTRY OF ACETYLENE 


Julius A. Nieuwland, Late Professor of Chemistry, University of 
Notre Dame, and Richard R. Vogt, Professor of Chemistry, Uni- 
versity of Notre Dame. Reinhold Publishing Corporation, New 
York, 1945. xi+219pp. 15 X 23.5cm. $400. 


Tuts 99TH of the A. C. S. monograph series is a fitting tribute to 
Father Nieuwland and his pioneering work in the field of acetylene 
chemistry. The book is an exhaustive bibliography of the work 
of more than a thousand men in the field and contains several 
hundreds of references to papers and the patent literature. Un- 
fortunately, due to delays in completion and publication of the 
work, the literature search may only be considered complete to 
1938. 

In this monograph, as perhaps in most, when the authors are 
reporting work of their own, the picture is detailed and discrimi- 
nating. When it is in a field to which they have not themselves 
directly contributed, e. g., addition of nonmetallic elements and 
compounds (except acetals) to acetylene, statements are made 
less positively. In such cases the work of other men and the 
patent literature is cited without evaluation. The present writer 
does not mean to imply that it can be otherwise. 


An adequate author and subject index is included. 
LEALLYN B. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


€ TWQ CZECH CHEMISTS—BOHUSLAV BRAUNER 

(1855-1935) FRANTISEK WALD (1861-1930) 
Gerald Bruce. New Europe Publishing Company, Ltd., London 
1944. 67pp. 13.5 xX 21 cm. 


THIS INTERESTING account of the accomplishments of two first- 
rate chemists, whose work is still only partially appreciated, was 


published for the Association of Czechoslovak Scientists and + 


Technicians and the Czechoslovak Research Institute, London. 

Brauner, trained principally under Bunsen at Heidelberg and 
Roscoe at Manchester, spent his entire career at the Charles 
University of Prague. This school was divided into two sections, 
one German and the other Czech, in 1882, the year of his first ap- 
pointment. He was thus a pioneer in establishing a Czech school 
of chemistry. All the subsequent professors at the Charles Uni- 
versity and at the Masaryk University at Brno (Briinn) were his 
pupils. The best known of these is his successor, J. Heyrovsky. 
As a close friend of Mendeleef, Brauner devoted most of his at- 
tention to atomic weights, whose accurate determination was so 
vital in the establishment of the periodic system. His work in 
the fractionation of the rare earths was outstanding in the period 
when this group of closely related elements presented such a super 
problem, He was a leader in the adoption of O = 16 as the basis 
of atomic weights. Brauner’s work was recognized by his election 
to many foreign societies and academies. A Brauner Memorial 
Lecture was delivered in 1935 by S. I. Levy before the Chemical 
Society of London. 

Frantisek (or Francis )Wald was educated entirely in Czecho- 
slovakia. He completed the usual courses in chemistry, but 
never offered himself as a candidate for an advanced degree. He 
spent 26 years in the practice of chemical analysis and metallurgy. 
During this period he made numerous important contributions 
to the advancement of applied science, such as evaluation of ores 
and metals, thermal efficiency, etc. Independently of Reinhardt, 


he introduced the permanganimetric titration of iron in place of 
the cumbersome dichromate method. 
Never content with routine thinking, he made a careful study 
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_of the chemical principles underlying metallurgical practice, and 


although his suggestions were not always put into practice, the 
management recognized the brilliance of his investigations and 
made it possible for him to spend his attentions increasingly on 
theoretical and physical chemistry. His publications were 
viewed as speculative because they were not understood, and 
since he occupied no university position, his views were not taken 
seriously by many. However, the late President Masaryk, then 
Professor of Philosophy at the University of Prague, realized the 
significance of Wald’s contributions to chemical philosophy, 
and in 1900 urged unsuccessfully that he be appointed to the 
chair of theoretical and inorganic chemistry at Brno. It was not 
until 1908 that Wald was given a professorship at the Technical 
High School in Prague. 

Wald’s views cannot be summarized in the space available 
here. Ostwald (1904) wrote: “The question whether it is possible 
to deduce the stoichiometrical laws without the help of the atomic 
hypothesis has only been raised by other investigators in order to 
deny the possibility. So far as I am aware, there exists only one 
man, F. Wald, who has worked on the question with the earnest 
hope of obtaining an affirmative answer.” Wald’s ideas coin- 
cided with those of H. E. Armstrong and were warmly supported 
by Trevor (of Cornell) and Duhem. Others disagreed violently 
with Wald’s contention that the atomic theory attempts to ex- 
plain the fundamental principles of chemistry. Wald was one of 
the most original Czech chemists and his work deserves more care- 
ful attention. 

Bibliographies of the work of Brauner and Wald round out 
this readable and instructive booklet. 

RALPH E. OESPER 


University OF CINCINNATI 
Cincinnati, OnIO 


* INORGANIC SYNTHESES 


THE SECOND volume of “Inorganic Syntheses” has just been 
published under the editorship of Prof. W. C. Fernelius of Pur- 
due University. Like the first volume, it contains carefully 
checked methods of synthesizing nearly one hundred compounds. 
Several brief articles on the preparation and properties of groups 
of inorganic compounds (e. g., rare earth salts and heavy metal 
acetylacetonates) are also included. The final chapter is an ar- 
ticle on the nomenclature of inorganic compounds. 

With the publication of Volume II, Miss Janet Scott became 
Indexer and Consultant to the Board on inorganic nomenclature. 
Miss Scott was formerly on the staff of Chemical Abstracts and is 
considered the best American authority on the naming of inor- 
ganic compounds. She is now Assistant Editor of the Encyclo- 
pedia of Chemical Technology. 

Now that the war is over, the Board of Editors expects to issue 
volumes of “Inorganic Syntheses” at two-year intervals. Prof. 
L. F. Audrieth has been chosen as Editor-in-Chief of Volume ITI, 
the compilation of which is already under way. An early vol- 
ume to be edited by Prof. W. C. Johnson of the University of Chi- 
cago will be devoted to the handling of tracer elements and other 
radioactive materials. Contributions to forthcoming volumes of 
“Tnorganic Syntheses” are invited. 

At a recent meeting of the Board of Directors of “Inorganic 
Syntheses,’ Prof. W. F. Libby of the University of Chicago and 
Prof. R. F. Young of Massachusetts Institute of Technology 
were elected to the Board of Editors. Prof. R. E. Kirk and Prof. 
W. C. Fernelius have retired from the Editorial Board and have 
been elected to the Advisory Board, as has Prof. A A. Blanchard 
of Massachusetts Institute of Technology. 
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Axtone rue various educational credos currently in 
vogue is the one which holds that the educational pat- 
tern should be cut to fit one’s “principal interest.” 
It runs something like this: Diagnose the pupil and 
if his abiding interest is art, let us say, then bend every 
subject to show its artistic bearing and relation. The 
lives and writings of artists become the pupil’s litera- 
ture; his history is the history of art; chemistry is the 
composition of pigments, textiles, and other media; 
physies is the science of color. 

There comes a time, to be sure, when one must follow 
some one line of specialty. We usually take this into 
account in planning our curriculum for higher (and 
sometimes for secondary) education. While some of 


the protagonists of the liberal arts decry vocational 
specialization, except perhaps in the professional 
school, they are out of step with the majority—which 
does not mean that they are necessarily wrong. 

It is not professional training we are talking about 
now, but the more truly “educational”? period which 


generally precedes it. How solidly should we permit 
“interests” to become crystallized here? 

Of course, when we examine a principle or generali- 
zation, we find that it is never completely right or all 
wrong. Our conclusion must be the pragmatic one: 
Of what use is it? 

The motivating force of interest is undoubted and 
for efficiency’s sake should be made use of whenever 
possible, like coasting downhill with the power off to 
save fuel. But it would seem that there is a limit be- 
yond which the pampering of interest is not desirable. 
My son abhors squash and certain other vegetables, 
but I cannot cater to such feelings else I may have a 
hypochondriac on my hands some day. So he eats his 
vegetables—and will eventually like them. 

Because a child likes cake must we put frosting on 
his spinach and try to make corn and potatoes palatable 








by explaining that all carbohydrates are chemically 
similar? 

Like most teachers of any experience I have heard 
many students complain that they can’t do this or that 
because they are “not interested in it.’”’ Unfortun- 
ately, I have never had much sympathy for them. 
The extent to which a student is uninterested in the 
subjects he studies is znversely related to his desirability 
in the educational scheme and to his likelihood of suc- 
cess init. For what are we trying to do in our educa- 
tional effort? Polish up the spots on a person’s charac- 
ter which are already bright, or develop and encourage 
intellectual curiosity, the ability to find interest and to 
attach it to anything that is new and hitherto un- 
known? 

What do you feel yourself least interested in—archae- 
ology, numismatics, politics, oriental philology? Yet 
if you have any intellectual curiosity each of these 
should challenge you to discover what it contains that 
is so vital and engrossing that men can spend their 
whole lives in its pursuit. If you cannot it is because 
you are weak in one spot, not because you are strong in 
others. 

Of all kinds of laziness the intellectual passes with 
least criticism. We even make a bit of a hero of the 
man with the “single-track mind”’ (if he is successful, 
of course). Yet it is the height of laziness to be so 
complacent and satisfied with that, which currently 
fills one’s mind as not to realize that something else 
might be just as desirable. Perhaps a change in our 
cerebral flora would do us good once in a while. 

No, I am rather of the opinion that the principle of 
subservience to the “principal interest’”’ is educational 
isolationism. It allows one to cut himself off from too 
much that is valuable for his experience and does not 
develop the tolerance and appreciation of the lives and 
views of others that every member of society should have. 





WILLIAM PITT MASON 


Tue subject of this biographical sketch, born in New 
York on October 12, 1853, was the son of James Mason, 
a physician who had studied medicine in Woodstock, 
Vermont. He was named after his uncle and derived 
his midddle name from his paternal grandmother, 
Mary Pitt, a cousin of William Pitt, one time Prime 
Minister of England. William Pitt Mason’s pre- 
paratory training was obtained in Bernard French In- 
stitute in New York. In September, 1870, he entered 
the Rensselaer Polytechnic Institute where he studied 
chemistry under Henry B. Nason, a pupil of Wéhler 
and a past president of the American Chemical Society, 
and was graduated as a civil engineer in 1874. After a 
year of travel and study in Europe he was appointed 
assistant in chemistry and natural science at his alma 
mater. Advanced to the rank of assistant professor in 
- 1882, he became professor of analytical chemistry in 
1885 and succeeded Nason as head of the chemistry 
department in 1895. When the department of chemi- 
cal engineering was established in 1912, he became its 
first head and remained active as such until his retire- 
ment in 1925, after 50 years of teaching and research. 

Mason’s interest in medicine, which he, no doubt, 
derived from his father, was stimulated by his desire 
to know all about water and water supply, to which he 
devoted the major part of his time outside of his teach- 
ing. In 1881 he received the M.D. degree from Al- 
bany Medical College. Never intending to practice 
medicine, he used his medical knowledge solely as an 
adjunct to the study of bacteriology and sanitation. 
His knowledge of this field was broadened by frequent 
periods of study abroad. He took a brief course under 
Pasteur in 1889 and a more extended one in 1893. 
The great advances made in the biological examination 
of water in Germany induced Mason to spend the sum- 
mer of 1908 in the study of plankton and other organ- 
isms which affect the taste and odor of water at the 
Hydrobiological Station at Plén (Holstein), at that 
time under the able directorship of Otto Zacharias. 
His frequent trips abroad enabled him also to study at 
first hand the water supplies of London, Liverpool, The 
Hague, Paris, Copenhagen, Hamburg, Liibeck, Stutt- 
gart, Ziirich, Naples, Palermo, and other European 
cities. He also made it a point to investigate the water 
situation in the Oasis of Biskra (Algeria). 





1 Presented before the Division of History of Chemistry at the 
110th meeting of the American Chemical Society in Chicago, 
September 9-13, 1946. 


Pioneer in Sanitation Chemistry’ 


H. S. van KLOOSTER and J. B. CLOKE 
Rensselaer Polytechnic Institute, Troy, New York 


The unusual combination of engineer, chemist, and 
medical expert made Mason ideally fit for expressing 
sound opinions on the sources of potable water. Al- 
though, at the present time, epidemics due to water 
pollution are rare in the most progressive nations, it was 
different some 50 or more years ago when river water 
was frequently pumped into city mains without much 
effort to make it suitable for human consumption. 
Even the renowned Charles F. Chandler of Columbia 
University, when called in as an expert witness in the 
nineties of the previous century, testified that all one 
had to do to purify water was to pump it into a settling 
basin and then, after 24 hours, tap the middle layer, 
since the heavy impurities would have sunk to the bot- 
tom and the light ones risen to the surface. With this 
view Mason disagreed strenuously, but not having 
attained at that time the prestige he later acquired, 
was severely criticized for daring to contradict such an 
eminent chemist. Chandler, though some 20 years 
Mason’s senior, lived to acknowledge his error of judg- 
ment. 

It has often been said and it is trite to repeat, that 
the pioneers are often forgotten, and it is left to his- 
torians to remind the present and future generations 
of the benefits conferred on mankind by the apostles 
of good potable water, like Mason, who were instrumen- 
tal in persuading the various municipalities in New 
York State and elsewhere to install reliable water supply 
systems. Mason’s fight with the city fathers of Al- 
bany, New York, some six miles south of Troy, is a 
case in point which always made a great hit with his 
students. While Troy used lake water, Albany pumped 
the Hudson River water into the city mains with the 
result that typhoid epidemics were frequent occur- 
rences. Pleading with the board of aldermen to in- 
stall a suitable filtration system, Mason argued—this 
was the time of the Spanish-American War: 


Assume that a Spanish gunboat were to come up the Hudson 
and shell the city of Albany and kill 15 peoplea day. You would 
raise heaven and earth to see that the gunboat were sunk and the 
destruction of life stopped. But here you lose 15 of your citizens 
a day because you are taking raw water out of the Hudson and 
pumping it into mains, and you do nothing about it.... The 
water is so raw that the people of Albany can tell when the aspar- 
agus season opens in Troy. 


Nevertheless, for years nothing was done. Not a 
few of the aldermen objected to the proposed changes, 
saying that the people had gotten used to the taste of 
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the water and would not like to have some other water 
foisted upon them which might not be so palatable. 
And so the “majestic Hudson, that elongated cess- 
pool,”’ to quote Mason once more, for years continued 
to cause typhoid epidemics in the capital of New York 
State. 

With regard to the sources of water supply, Mason, in 
his lectures and his writings, always emphasized the 
supreme importance of what he called a “sanitary sur- 
vey,” before deciding upon the fitness of water for do- 
mestic use. Speaking on the topic of “drinking water 
and disease,’’? he says: 


Too much stress cannot well be laid upon this point. The 
water expert judges of the character of a water not only from the 
chemical and bacteriological data, but from those of the sanitary 
survey as well; and it is scarcely too much to say that if the 
last be wanting, the first two are well nigh valueless. The sanitary 
survey is of great use in that it aids one in prophesying what a 
water may be like in the future, and it paves the way towards 
safeguarding the sources of supply. 


Water experts who will be asked to pass upon. the 
suitability of waters of a great variety of composition 
are admonished 


... to do it with care and caution after you have informed your- 
selves as to the character of the source whence the water comes 
and the immediate surroundings of the same. No description of 
a spot will serve your purpose. You should see it for yourselves. 
The day has gone by for cut and dried standards. An expert 
approaches his decision pretty much as does the medical practi- 
tioner from his diagnosis at the bedside. ° 


The two lectures, published in Baskerville’s book, 
quoted above, give a good idea of Mason’s ability to ex- 
press himself before the general public and before his 


students. As any old graduate from Rensselaer who 
has sat under “Billy”? Mason will testify, Mason’s en- 
gaging personality kept order without lifting a finger, 
and his quiet humor which permeated all his lectures 
appealed to even the dullest student. 

Verba volant, scripta manent: To those who did not 
come into personal contact with him, Mason’s facile 
pen was the medium of indirect and frequent contact 
with the world at large. His first communication on 
“Albany water supply” appeared in 1885 in Sanitary 
Engineering. Between that time and 1923 nearly a 
hundred articles on various topics—mainly, however, 
on water and water supply—appeared in this and 
other publications, 7. e., Journal of the American Chemi- 
cal Society (1887-1905), Journal of Industrial and Engi- 
neering Chemistry (1911-23), Journal of the New 
England Water Works Association (1891-1919), Journal 
of the American Water Works Association (1903-22), 
Science (1887-1917), Journal of the American Society of 
Civil Engineers (vols. 32, 43, and 83), Proceedings of 
the American Philosophical Society, Engineering Record, 
Municipal Journal, and Journal of the Franklin Institute 
(1891-1918). His last journal publication, a brief note, 
appeared in the Journal of ‘Industrial and Engineering 
Chemistry in 1923 when he was nearing seventy. His 


2 BaSKERVILLE, C., Editor, ‘‘Municipal Chemistry,” Mce- 
Graw-Hill Book Company, Inc., New York, 1911, p. 24. 
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methods and apparatus for the examination of water 
have had a far-reaching effect on the development of the 
subject. 

To students of the past and present generations, 
Mason is best known for the books that he wrote. En- 
gineering students who took chemistry under him were 
all familiar with his “Notes on Qualitative Analysis,” 
a brief outline of barely 60 pages, made with ‘“‘pen and 
scissors,” as the author facetiously states in the preface. 
It was first published in 1882 and went through eight 
editions, the last in 1922. 

In his own field, Mason published two outstanding 
texts known throughout the United States and the 
English-speaking world. The first of these was his 
“Water Supply.” This came out in 1896 and went 
through four editions, the final one appearing in 1916. 
Though not an exhaustive treatise, it was one of the 
most interesting and suggestive texts, written after an 
older one of the same title by Professor W. R. Nichols 
had gone out of print. 

Mason’s famous little book, “Examination of Water 
(Chemical and Bacteriological),’’ first published in 1899, 
went through five editions under the author’s signature 
(1901, 1906, 1909, and 1917). A much enlarged and 
completely revised large-size edition was finally issued 
in 1931 by Professor A. M. Buswell of the University 
of Illinois. A total sale of over 14,000 copies testifies 
to the popularity of the book both here and abroad. 
It enhanced the reputation of its author to such an ex- 
tent that he was frequently called upon in lawsuits as 
an expert witness, as in the suit brought by New Jersey 
against New York on the pollution of New York Harbor 
and in the Chicago Drainage Canal case.* 

For his scientific attainments he was honored both 
here and abroad. Lafayette College conferred on him 
an honorary LL.D. in 1908 and Union College the Se.D. 
in 1917. The American Water Works Association 
chose him its president in 1909, a signal honor, for Ma- 
son was the first teacher to be elected to this office. In 
1905 he was made an honorary member of the Associa- 
tion Générale des Ingénieurs, Architectes et Hygiénistes 
Municipauz de France. He was a member of many 
societies, whose meetings he attended regularly, and 
in this way he made many friends from near and far. 
Apart from the rewards of professidnal achievements, 
Mason had his full share of well-deserved honors that 
a popular professor and loyal alumnus can receive at 
the hands of his colleagues, friends, and students. 

Mason was married twice, the first time to Emily 
Harding, in 1886. She died in 1899, leaving one son, 
William Pitt, Jr., who survives and who kindly supplied 
some of the foregoing data. In 1908 Mason married 
Margaret Betts, who was his devoted companion in his 
declining years after his retirement, when ill health 
forced him to withdraw from the company of his former 
associates and friends. He died in his eighty-fifth year 
in 1938. 





3 Records of the Supreme Court, Vol. 3, Oct., 1916, p. 1994; 
ibid., Vol. 7, Dec., 1903, p. 6903. 
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|To many students, the reading of the barometer is just 


something that must be done to fulfill the requirements 
of certain experiments. However, a further and very 
interesting application may be made with this reading. 
Since the beginning of this school year, the readings 
have been plotted on graph paper placed beside the 
laboratory barometer. The readings have been taken 
daily at 9 a.m. and 3 p.m. during the week. The pres- 
sure was plotted with red pencil against the date, using 
1 solid line except for weekends—a broken line then 
indicating the absence of readings from Saturday until 
Monday. 

The readings of the barometer—made conspicuous by 





the red line—soon attracted attention. Interest grew, 
«nd many of the students became as conscious of the 
hurometer and the effect of the air pressure on the 
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weather as those who were actually in charge of keeping 
the graph. 

When one sheet of graph paper is filled, it is moved to 
a higher place on a near-by wall—each new addition 
being folded in such a way that the barometric readings 
for the entire school year will (by June) be shown in one 
continuous graph. Comparison of next year’s pressure 
with that of a corresponding date for this year will be 
even more interesting. 

Whether or not the graphs serve any other purpose, 
they nevertheless are bringing the laboratory barometer 
more to the attention of the students using it, and help- 
ing them to understand better the relation between at- 
mospheric pressure and the weather by actually seeing 
the “low” on the graph when the weather is un- 
settled and the “high” when it is fair. 





Ir 1s the object of this article to show how the gen- 
erally accepted facts concerning the structure of cellu- 
lose, developed and proved during the past quarter 
century, are applied and used in the large plastics in- 
dustry now based upon this raw material and its deriva- 
tives. In reviewing the data obtained by the toil of a 
great many workers in this complicated field, the de- 
tails have been simplified into a few broad generaliza- 
tions, which will be discussed for those cellulose deriva- 
tives most widely used. 

In the first place, it is accepted that cellulose and its 
derivatives in the ideal state, such as is obtained when 
dilute solutions are prepared in appropriate solvents, 
are long-chain molecules built up of recurring small 
chemical units. In this state, they are analogous in 
structure to the synthetic long-chain polymers, such as 
polystyrene, methyl methacrylate, and the various 
vinyl polymers. It is accepted also that the length of 
these chains plays no small part in determining the 
properties of the plastics prepared from them; this 
point will be illustrated with data obtained with a few 
selected systems. In speaking of chain length, it is 
assumed that the length mentioned will be thought of as 
average chain length, measured by viscometric means in 
dilute solutions and, hence, based upon weight-average 
constants. The intrinsic viscosity of materials men- 
tioned in this paper can be obtained by dividing the 
particular degree of polymerization (D.P.) by the appro- 
priate constant given by Kraemer (12). 

Secondly, since each anhydroglucose unit of the cellu- 
lose chain contains three hydroxy] groups, their substi- 
tution with various acyl and alkyl] groups offers a great 
opportunity for variation as to the kind, amount, and 
distribution of substituents along the cellulose chain. 

A third group of factors, not often emphasized as con- 
tributing to the properties of cellulose derivatives in the 
ideal state but very important in the selection of cellu- 
losic materials and modifiers for actual use, may be 
classified under the heading of colloidal properties. 
These include such factors as the particle size and 
porosity of the materials, their affinity for solvents and 
plasticizers, their penetrability by plasticizers and sol- 
vents, and the influence of solvation-desolvation equi- 
libria (7). 

A fourth factor, often neglected in the discussions of 
the scientific aspects of high polymers but which is fre- 
quently of supreme importance in the industrial appli- 





1 Presented before the New Brunswick Group of the North 
New Jersey Section of the American Chemical Society on Nov- 
ember 20, 1946. 
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cation of cellulose plastics, involves their purity. The 
purity of the final product will depend in part upon the 
effects of small amounts of substituents in the chains: 
these may have been placed there as a result of side 
reactions during the processes of making the derivative, 
or they may be just plain “dirt.” Whatever the process 
by which these substituents have been introduced, their 
effects are real and must be taken into account. 

The influence of these four factors—chain length, 
substitution, colloidal properties, and contaminant sub- 
stituents—will now be discussed for the various com- 
mercial cellulose plastics. For the purpose of this sur- 
vey, no consideration will be given to the use of cellulose 
derivatives in solution processes, attention being focused 
mainly on the hot-molding plastics. 


CELLULOSE FILLERS 


Consideration of cellulose-filled thermosetting plas- 
tics, even though brief, may seem out of place in this 
article; however, cellulose-filled plastics constitute the 
largest proportion of all phenolic and urea plastics. 
The long chain length found in the wood fiber, chopped 
rag, or laminated plastic provides the tough reinforce- 
ment necessary to give impact strength to these prod- 
ucts. The chain length of these materials, ranging from 
D.P. (degree of polymerization) 750 to 1500, provides 
a tough skeleton which will withstand the heat of 
molding. While the materials used are not esterified 
and hence retain their well-known absorbency for water, 
this absorbency factor is largely controlled by the way 
in which the resin is impregnated in them. This is one 
important colloidal aspect of their use. Another is 
their particle size. The finely divided wood flours are 
used in plastic compounds which require considerable 
flow; in these the molten resin carries the reinforcer 
along with it during molding. Long fibers or cords, or 
even chopped bits of fabric, are used to fill the high- 
impact grades of molding powders, and care must be 
taken in processing on rolls and in such an operation as 
transfer molding that the long fibers are not broken up 
to such an extent that their reinforcing power is lost. 
The penetration of the fibers by the resins also involves 
such factors as the condition of the surface of the fiber 
and the extent to which the resinification has been 
carried out prior to impregnation of the fibers. Purity 
of the cellulose is involved especially in the selection of 
fibers for the reinforcement of light colors in the urea 
plastics. 

Turning now to the class of thermoplastic materials 
commonly included under the term cellulosies, the 
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nitrate, acetate, and acetate butyrate esters and the 
ethyl ether are the cellulose derivatives widely used in 
the plastics field. 


CELLULOSE NITRATE 


The use of cellulose nitrate as a base for plastics of the 
celluloid type was the first large-scale application of the 
material, antedating its use in smokeless powder and 
probably leading to the idea of using gelatinized cellulose 
nitrate as a low-burning propellant (19). Plastic-grade 
cellulose nitrate today has a nitrogen content of 10.9 to 
11.2 per cent, corresponding to a substitution of 1.95 to 
2.08 hydroxyls by nitrate groups per anhydroglucose 
unit, which is considerably less highly nitrated than the 
material of 2.7 substitution used for ballistic purposes. 
The permutoid nature of the nitration reaction used in 
preparing the material tends to give a very uniformly 
nitrated material which shows no significant variation 
in the degree of nitration of various portions when 
fractionated. It has been shown by Mahoney and 
Purves (13) that in the lower-nitrated materials (below 
acetone-solubility range of 10.5 per cent nitrogen) more 
than half of the nitrate esterification is located on the 
primary hydroxyl groups; in the more highly esterified, 
technically useful materials, however, it appears that 
the distribution of nitration in any one chain is well 
predicted by Spurlin’s (17) chart for equilibrium re- 
actions. Figure 1 shows a section of ten anhydroglucose 
units in a cellulose chain with the substituents dis- 
tributed according to this picture. It must be empha- 
sized that careful preparation of the material is required, 
especially on a large scale, to insure that all portions 
of the material being nitrated react uniformly, and the 
industry has worked out solubility tests which indicate 
the degree of uniformity of nitration of a particular 
batch. If careful preparation of material is not carried 
out, the finished product will not work properly and 
many un-nitrated fibers will be shown to be present 
when a sample is looked at under polarized light. 

Since only one grade of material is used in the prepara- 
tion of plastics, little information exists as to the proper- 
ties of cellulose nitrate plastics save from the qualitative 
standpoint. This indicates that material of higher 
degree of nitration does not weld as well, nor extrude 
with as good a surface as does the plastic grade (10.9 to 
11.2 per cent N). 

With respect to average chain length of the material, 





TABLE 1 


Effect of Molding Operations on Degree of Polymerization 
of Cellulose Nitrate Plastics* 


In Plastics 








Intrinsic DP. or 
Material viscosity chain length 
Cellulose nitrate (11.1 per cent N) 1.85 500 
After extrusion into rod 1.61 435 
\fter baking into sheet 1.50 405 


* Measured upon 2 per cent solutions of cellulose nitrate in 
acetone, and calculated by means of Martin’s equation (14) using 
Kraemer’s constant of 270. 
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Cellulose Chain as Predicted from Spurlin’s (17) Chart for Equilibrium 
Reactions 


two are most often found in use today. Cellulose nitrate 
generally used for sheet, rod, and tube manufacture has 
a D.P. of about 750. The other, with a somewhat 
smaller D.P., about 550, finds use chiefly in extrusion 
work where the lower D.P. permits more effective con- 
trol of the process. Less than 30 per cent of the poly- 
merization is lost in processing the material into its 
finished form (Table 1). 

Regarding the colloidal problems, the commercial 
practice of shipping the material damped with ethanol 
(amounting to 35 per cent by weight of the shipment) 
insures that each fiber will be wet with enough latent 
solvent so that it readily forms a paste when the cam- 
phor and solvent are added to it in the mixer. From 
here on, however, the processor must carefully regulate 
his manipulations so as to keep the ingredients homo- 
geneously mixed, yet in a state which permits the de- 
sired forming operations to proceed. This is an es- 
pecially important problem today when the scarcity of 
camphor has compelled producers to incorporate other 
materials, such as castor oil derivatives, into the 
formulations, since it has been found that good welding 
and surface can be obtained with such ingredients only 
when a more active solvent is added to the mix. It 
should be pointed out that the combination of camphor 
and alcohol, at the temperatures used for working up 
nitrate, is still a solvent for cellulose nitrate, while re- 
placement of part of the camphor by a less active ma- 
terial requires that some volatile solvent be added to 
keep the solvency at the required level. At present, the 
specific affinity of cellulose nitrate fer camphor is be- 
lieved to be a large factor in this solvent action; yet it 
is of interest that the attraction must be a weak one 
when compared with the primary valence forces 
which bind together the component units of the molecu- 
lar chains, since the camphor may be removed by ex- 
traction or by precipitating a solution in a large volume 
of nonsolvent for the cellulose nitrate. 

Regarding purity, it is well known that successful 
production of cellulose nitrate for plastics work requires 
practically complete removal of the sulfate esters which 
may be formed by side reactions in the preparation of 
the material. The usual methods of hydrolysis of sul- 
fate esters must be modified so as to produce no harmful 
effects upon the cellulose nitrate. In addition, careful 
selection of raw materials, even including the acid 
mixes, is required to obtain the quality material de- 
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manded by today’s markets. It is believed that one of 
the most important factors in keeping production of 
cellulose nitrate for plastics at the current high level has 
been the successful solution of these problems by the 
industry. 


CELLULOSE ACETATE 


Turning now to cellulose acetate, there are two main 
grades of interest to the plastics industry. The earliest 
form used was based upon an acetylation to 52 to 54 per 
cent combined acetic acid content, corresponding to a 
substitution of 2.2 and 2.35 of the three hydroxyls on 
each anhydroglucose unit. This is in the range where 
cellulose acetate shows its lowest melting point. All of 
the early varieties of cellulose acetate plastics were 
based on this material, and today it still comprises from 
50 to 60 per cent of the material sold to the industry. 
To obtain better water resistance, a new grade of cellu- 
lose acetate of combined acetic acid content ranging 
from 56 to 58 per cent (2.5 to 2.7 hydroxyls substituted 
per anhydroglucose unit) has been developed. 

The effect of degree of acetylation upon the proper- 
ties of cellulose acetate plastics will be discussed briefly. 
Figure 2 indicates the variation in flow temperature (3) 
with degree of acetylation of a series of cellulose acetate 
samples, of D.P. between 275 and 295, compounded 
with several different ratios of mixed phthalate plas- 
ticizers. Figure 3 shows the same set of plastics for 
which a hardness measurement on the Rockwell 
machine (/) is compared with degree of esterification. 
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The effect on flow temperature is seen to be rather 
slight—a small rising trend with increase in acetylation. 
Hardness, on the other hand, falls off rapidly as the 
cellulose acetate reaches the upper range of acetylation. 
Figure 4 summarizes this variation by comparing the 
flow temperature, at two selected levels of hardness, 
with degree of acetylation. Figure 5 indicates the 
variation of impact strength (2) with degree of acetyla- 
tion; itisseen that this property, in a given formula- 
tion, remains constant or rises slightly with degree of 
esterification, until a substitution above 2.65 is reached, 
at which point it falls off abruptly. This point will be 
discussed later in this section. The influence of acetyla- 
tion upon water absorption values has been discussed 
elsewhere (11). In many formulations, water absorp- 
tion has been found to decrease linearly as the degree of 
acetylation is increased. This is understandable in 
terms of the number of available hydroxy] groups. 
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Figure 4. Effect of Substitution of Cellulose Acetate on 
Flow Temperature at Constant Plastic Hardness 


D.P. of cellulose acetate = 275 to 295. Plasticized 
with 1:1 dimethyl and diethyl phthalates to give the . 
hardness shown 


As regards the degree of substitution and the dis- 
tribution of substituents in cellulose acetate, it must be 
remembered that, in commercial acetylation, the ma- 
terial is taken first to the triacetate stage, and the cellu- 
lose goes from a fibrous stage into a smooth solution. 
The degree of acetylation of the finished cellulose 
acetate is controlled by hydrolyzing this triacetate in an 
acid medium back to the desired degree of substitution. 
Since this hydrolysis is carried out in a homogeneous 
medium, the product resulting from the permutoid- 
type reaction will show a distribution of substituents 
along the chain falling in line with Spurlin’s prediction 
(17). 

Figure 1 also shows a portion of a cellulose chain, 
acetylated to a substitution of 2.4. One factor, com- 
plicating this admittedly oversimplified picture, is the 
effect of the hydrolysis catalyst, usually sulfuric acid, 
upon the course of the hydrolysis. A great excess of 
sulfuric acid as the catalyst would be expected to form 4 
certain amount of sulfate ester; it might be expected 
that this ester group would hydrolyze off faster from 
primary groups than secondary hydroxyls and thus in- 
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fluence the course of the subsequent hydrolysis. How- 


ever, published data indicate that commercial cellulose 
acetate shows only slightly more than one-third of the 
free hydroxyls (6, 9) in the primary or 6-position in the 
anhydroglucose units. It appears, therefore, that 
variations caused by these differences in the properties 
of cellulose acetate used in plastics are but slight. 

Chain length of the cellulose derivative is of especial 
significance in the acetates used for plastics. Materials 
offered commercially for this purpose range in D.P. 
from 240 to 360. The usual injection-molding powders 
are based upon cellulose acetate of D.P. ranging from 
255 to 300, while some of the materials of high acetyla- 
tion and special products of unusually high viscosity 
may show D.P.’s as high as 350. The latter are used 
where toughness is of greatest interest, as in the high- 
impact grades of molding powder. Figure 6 indicates 
how flow temperature, hardness, and impact strength 
vary with the degree of polymerization of the cellulose 
acetate for materials of 53 per cent combined acetic 
acid content (2.2 to 2.3 acetyl groups per anhydroglu- 
cose unit). The effect on hardness is probably less 
noticeable in actuality than it appears te be by measure- 
ment; however, with this formula over the range of 
polymerization studied, the hardness appears to increase 
from 38 to 49 (Rockwell M Scale) as the D.P. rises. 
The increase in flow temperature for the formulation 
presented is of great significance and indicates a definite 
linear rise in flow temperature with polymerization. 
The effect on impact strength is most interesting and 
characteristic; there is a definite falling off in impact 
strength below a D.P. of 240, with only a slight rise 
above that chain length. The existence of a definite 
break point in toughness or flexural strength as the 
chain length decreases below a certain value also has 
been observed for cellulose nitrate films (10), omega- 
decanoic acid polymers (5), and other materials. 

Another characteristic of much technical interest is 
the extent to which the degree of polymerization is 
lowered by the molding process. Table 2 indicates how 
materials plasticized with various common plasticizers 
behave with respect to loss of D.P. upon molding.‘ It is 
seen that with the present-day materials, this amounts 
to scarcely 10 per cent of the total with both the tough- 





217 


ening and hardening types of plasticizers. The drop 
upon successive re-injections is still less. Present 
practice, where reground stock is used, is, largely, to 
mix 20 to 40 per cent of reground stock with fresh mold- 
ing powders; this practice is seen to be technically 
sound. 





TABLE 2 
Effect of Molding Operations on Degree of Polymerization 
of Cellulose Acetate Plastics* 
Upon Motp1ng INTO Puastics 


The first three formulations contain toughening plasticizers, 
the last two hardening plasticizers. 








D.P. of D.P. of 
; ’ original D.P.in injection- 
Plastic formulation, cellulose molding molded 
per cent compositions acetate powder material 
75 Cellulose acetate 
18.75 Diethyl phthalate 290 266 272 
6.25 Dimethyl] phthalate 
72' Cellulose acetate 
21 Diethyl phthalate 300 292 288 
7 Dimethyl phthalate 
74 Cellulose acetate 
21 KP45 (diethylene glycol di- 
propionate) 300 292 
5 Tripheny! phosphate 
74 Cellulose acetate 
21 ~=Triacetin 300 290 
5 Triphenyl phosphate 
70 Cellulose acetate 
23 ~=Santicizer M17 (methyl 
phthalyl ethyl glycolate) 300 270 


7 Diethyl phthalate 


* Calculated from absolute viscosity measurements upon 3 
per cent cellulose acetate solutions in acetone, using Martin’s 
equation (15) and Kraemer’s constant of 230. 





A further interesting illustration of the way in which 
the properties of cellulose acetate plastics can be im- 
proved through control of the degree of polymerization 
lies in the recently developed series of cellulose acetates 
found to produce improved impact strength at low 
temperatures. One of the most often-cited limitations 
of cellulose acetate plastics is that, at temperatures be- 
low 0°F., the high impact strength exhibited at normal 
temperatures becomes progressively less as the tempera- 
ture falls. Through the development of acetylation 
methods which preserve the chain length of the cellulose 
acetate to an extent not previously thought possible, it 
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Substitution of cellulose acetate = 2.3 to 2.4. Plasti- 
cized with 31 per cent 1:1 dimethyl and diethyl 
phthalates 
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Substitution of cellulose acetate = 2.3 to 2.4. Plasticized 
with 28 per cent 3:1 diethyl and dimethyl phthalates 


has been found that the material produced by this kind 
of reaction has a substantially better impact strength at 
subzero temperatures than any acetate used commer- 
cially. Figure 7 contains data showing the impact 
strength found when a cellulose acetate of 2.25 to 2.4 
substitution was compounded with phthalate plasti- 
cizers to give a relatively hard formulation. Data are 
presented from the standpoint of the degree of polymeri- 
zation of the original cellulose acetate used in preparing 
the plastic and of the chain length remaining in the 
molded piece after injection molding. It appears that 
the impact strength of the ordinary materials can at 
least be doubled at a temperature of —40°F. simply by 
using the higher-viscosity cellulose acetate material. 
The data in Table 3 show that the effect persists even 
though the plasticizers used are of the stiffening 
variety. It is also evident that a slight improvement 





TABLE 3 


Low-Temperature Impact Strength of Cellulose Acetate 
(2.3 Substitution) Plastics 


D.P. of 





Izod impact 








original at —40°F., 
Plastic formulation, cellulose ft.-lb. /in. 
per cent compositions acetate of notch 
75 Cellulose acetate 
18.75 Diethyl phthalate 450 0.42 
6.25 Dimethyl] phthalate 
Same formulation 300 0.25 
72 ~~ Cellulose acetate 
21 Diethyl phthalate 490 0.59 
7 Dimethyl phthalate 
Same formulation 300 0.25 
74 ~~ Cellulose acetate 
21 KP45 (diethylene glycol dipro- 
pionate) 490 0.69 
5 Triphenyl phosphate 
Same formulation 300 0.27 
74 ~~ Cellulose acetate 
21 Triacetin 490 0.31 
5 Triphenyl phosphate 
Same formulation 300 0.18 
70 Cellulose acetate 
23  Santicizer M17 (methyl phthalyl 
ethyl glycolate) 490 0.39 
7 Diethyl phthalate 
Same formulation 300 0.21 
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in the heat resistance of plastics based upon this ma- 
terial manifests itself, as is indicated by the flow tem- 
peratures and heat distortion temperatures of the 
materials. This is also consistent with the effect of 
chain length upon flow temperature presented in 
Figure 6. 

In considering the colloidal aspects of cellulose 
acetate as they affect plastic properties, it is found, 
first, that they affect the preparation of the plastics. 
The two main processes in use involve either (1) the 
preparation of paste with solvent in a jacketed, sigma- 
bladed, heavy-duty mixer, followed by rolling to sheets, 
filtering and block-pressing, ‘extruding or granulation 
into molding powder, and drying, or (2) the hot-colloid- 
ing of the flake in a Banbury-type mixer or on hot rolls. 
With the first method, the density of the flake may have 
some bearing upon the uniformity of the gel obtained, 
and it is necessary to precipitate a light, porous particle 
of uniform density. The conditions of the aggregation- 
disaggregation equilibrium pointed out by Doolittle (7) 
apply here, as well as do the facts about the effect of 
film-casting conditions upon. strength of film, pointed 
out by Russian workers (16). In addition to these con- 
siderations, the hot process requires an optimum 
particle size to insure rapid penetration or diffusion by 
the plasticizer into the individual particles. 

The data given in Figure 5 also are of interest in this 
connection, since they illustrate the effect of the affinity 
of the plasticizer for the cellulose chain upon the 
strength of the resulting plastic. It is seen that, at a 
constant ratio of plasticizer to acetate, the impact 
strength drops off sharply above a substitution of 2.65. 
This may be interpreted to mean that some attraction, 
of the order of a hydrogen bond, exists between the 
polar portions—that is, carbonyl groups and the like— 
of the plasticizer molecules and the hydroxyl groups 
which stud the cellulose chains until a point is reached 
where the chains have a greater tendency to stick to 
each other than to stick to the plasticizer. It has been 
shown by Fuller and coworkers (4) that materials 
approaching the triacetate have a greater tendency to 
form crystalline aggregates than those of lower sub- 
stitution; from the practical, macroscopic standpoint, 
the unwillingness of these plastic mixes to absorb plas- 
ticizer may well be explained by this sort of mechanism. 
The fact, emphasized in connection with Table 2, that 
the slight loss in polymerization upon molding is 
practically the same with both hardening- and toughen- 
ing-type plasticizers again indicates that the difference 
in action of the two probably resides in their molecular 
structure, which is lightly bonded to perhaps several 
chains. 

In this connection also, one explanation of the effect 
of longer chains in enhancing low-temperature impact 
strength may be advanced. It is well known that the 
degrees of polymerization, usually expressed by intrinsic 
viscosities, represent an average chain length with 
individual fractions distributed over quite a wide range 
of D.P. It would be expected, in such a material, that 
the plasticizer may completely dissolve the shorter- 
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length fractions, while it may only solvate or incom- 
pletely swell the longer chains. In the usual material of 
average degree of polymerization of about 300, a greater 
amount of this low-weight, presumably soluble material 
would be expected to be present than in the high- 
strength material of average degree of. polymerization 
of about 500. Upon cooling, the solutions of the former 
would be expected to become quite rigid, while in the 
latter material, with less of this interchain solidified gel, 
the solvated chains would preserve their flexibility 
down to lower temperature levels. The slight improve- 
ment in high-temperature properties may well be ex- 
plained upon the basis of less thermal agitation in the 
longer chains than in the shorter ones as the tempera- 
ture increases. 

With respect to purity, it has been stressed many 
times in the literature (14) that combined sulfate esters 
or partial salts thereof are harmful to the heat stability 
of cellulose acetate intended for hot-molding use. It is 
one of the characteristics of all plastic-grade acetate that 
a low content of sulfate, either free or combined, be 
present. Acidity of any kind, in fact, is harmful, al- 
though in controlled quantities on certain types of 
acetate it may be added to enhance the color stability 
of the molding material. It is generally known that a 
material with more acid present than allowable often 
molds to give a very light color (18) but produces a very 
brittle, degraded product. On the other hand, addition 
of basic ions, such as those of the alkali metals, to an 
acid product will produce a material which, while re- 
maining strong, will discolor very badly when hot- 
molded. Production of the best pastel shades requires a 
cellulose acetate of extreme purity in these categories. 
The use of cellulose acetate plastics in injection molding 
also requires that the material be essentially of the same 
degree of substitution; mixtures of materials of widely 
varying acetylation cause difficulty in the preparation 
of homogeneous molding materials and also tend to pro- 
duce more hazy plastics. A further point to be con- 
sidered under this subject of purity is the incompati- 
bility of the various cellulose derivatives, such as 
acetate with acetate butyrate, ethyl cellulose with 
acetate, etc. Contamination of one material with small 
quantities of another may occur in a molding shop unless 
particular care is taken to see that it does not. It might 
be concluded, from experience with solutions where a 
small amount of one material may be mixed with 
another to form an apparently homogeneous sol, that 
this would not matter; in practice, however, it must be 
avoided, as the small quantities of plasticizer present in 
plastics are definitely not sufficient to bring two dis- 
similar materials into a homogeneous condition. 


CELLULOSE ACETATE BUTYRATE 


The mixed ester, cellulose acetate butyrate, is largely 
used in injection-molding and hot-extrusion types of 
plastics where its ready moldability in large sections is 
of particular value. The material used commercially 
has an acetyl content of about 13.5 per cent and a 
butyryl content of about 36.5 per cent (8), correspond- 
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ing to 0.95 acetyl group and 1.6 butyryl groups per an- 
hydroglucose unit. The same considerations discussed 
under acetylation apply as well to this material. The 
hydrolysis is somewhat complicated by the fact that the 
acetyl groups are hydrolyzed much faster than the 
butyryl groups introduced during the process of making 
the mixed triester. 

The degree of polymerization of cellulose acetate 
butyrate used in plastics is about 350. The effect of 
chain length upon plastic properties appears to be about 
the same as with cellulose acetate. 

One or two novel points arise in considering the 
colloidal aspects of this mixed ester. Since in this 
material the proportion of cellulose residue, exclusive of 
hydroxyl, is only 35.1 per cent as contrasted with 42.2 
per cent in the usual plastics grade of cellulose acetate, 
it is readily understood that the material itself is essen- 
tially softer than the acetate. As a consequence it will 
require less added plasticizer to reach a given degree of 
plasticity, as measured, for instance, by the flow tem- 
perature. Since the chains are separated by a greater 
distance because of the bulkier butyrate groups, it is 
also readily understood why the material can be 
softened by plasticizers with bulkier substituents, such 
as diamyl or dibutyl phthalates, while in the cellulose 
acetates, only groups not larger than those of diallyl 
phthalate can be accomodated. Another influence of 
the colloidal properties of celluloseacetate butyrate may 
be related to degree of crystallization in the molded 
state. Baker, Fuller, and Pape (4) have shown that, 
while both cellulose triacetate and tributyrate can be 
quenched to an amorphous condition by fast cooling of 
a melt and the former may be changed into a crystalline 
condition either by hot-annealing or when exposed to 
moisture, the latter changes only when exposed to 
moisture. 

This factor doubtless influences the favorable be- 
havior of both the acetate butyrate and some of the 
harder plastics based upon the higher-substituted cellu- 
lose acetate when exposed to humid, tropical conditions. 

Regarding purity, the same conditions mentioned 
for cellulose acetate apply to this ester with even greater 
force; slight amounts of acidity, for example, may 
cause odor development during molding. 


ETHYL CELLULOSE 


The only cellulose ether of commercial importance 
in the plastics industry is ethyl cellulose. Two grades 
are most frequently used: one has a degree of substitu- 
tion of 2.21 to 2.28, corresponding to an ethoxy] content 
of 44.5 to 45.5 per cent; the other, of ethoxyl content 
ranging from 46.8 to 48.5 per cent, contains from 2.37 
to 2.50 ethoxyls substituted per anhydroglucose unit. 
However, commercial practice in this newly begun use 
of cellulose ethers in hot-molding plastics has not yet 
become well standardized. This is illustrated by the 
fact that some users prefer material of a substitution 
even lower than that cited, while others use material 
intermediate in substitution to those quoted. Mate- 
rials with a substitution of 2.3 to 2.5 are in the minimum 
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Properties of Plastics 


D.P. of ethyl cellulose = 540 to 600. Plastic composi- 
tion contains 84 per cent ethyl cellulose and plasticizer 
and resin. 


melting point range of ethyl cellulose. Figure 8 indi- 
cates the effect of ethylation upon the flow temperature 
of a typical ethyl cellulose plastic composition where 
the only variable is degree of substitution. The same 
figure shows similar data for hardness and impact 
strength. It is seen that the commercial materials 
(2.21 to 2.50 substitution) cover the minimum range of 
the flow-temperature curve and also include the maxi- 
mum range of impact strength. The latter observation 
should not be taken as final, however, since molding 
conditions, under which these particular plastics were 
held at 100 to 125°F. higher than for the flow tempera- 
ture measurements, may not have produced sufficient 
fusion on the high and low ends of the ethoxy] scale to 
have produced the maximum fusion. There does not 
seem to be the sharp falling off in impact strength as the 
degree of ethylation increased, as was observed with 
cellulose acetate. This point will be considered more 
fully when the colloidal effects are discussed. 
Regarding chain length, that of the ethyl] cellulose 
used in plastics is in the range of D.P. 540 to 600, which 
is somewhat longer than that of the plastic-type cellu- 
lose acetates. Properties of ethyl cellulose are strongly 
influenced by the chain length used, as is indicated by 
Figure 9. In this figure are shown the variation in flow 
temperature, hardness, and impact strength for plastics 
containing the same proportion of ingredients as shown 
in Figure 8, but based upon ethyl cellulose of substitu- 
tion 2.21 to 2.28 with the chain length variations as indi- 
cated. It is seen that, as with cellulose acetate, the 
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Figure 9. Effect of Chain Length of Ethyl Cellulose on 
Properties of Plastics 


Substitutions of ethyl cellulose = 2.25. Plastic composi- 
tion contains 84 per cent ethyl cellulose. 
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flow temperature and impact strength are strongly de- 
pendent upon the chain length of the ethyl cellulose 
used, with hardness rising only slightly as the degree of 
polymerization increases. As with cellulose acetate, the 
low-temperature impact strength of ethyl] cellulose, al- 
ready at a high level in the customary materials used in 
plastics, can be further enhanced by increasing the 
chain length of the ether. This is illustrated by Table 4 
for material of 2.25 and 2.35 substitution. A further 
point of interest lies in the extent to which ethy] cellu- 
lose can retain its chain length and impact strength 
upon successive re-injection. As shown by the data of 
Table 5, three successive re-injections of the entire 
plastic fail to reduce the chain length or impact strength 
below a useful level; hence, the re-injection of portions 
of material with fresh plastic appears to be sound prac- 
tice with this cellulose ether as it was with the cellulose 
esters. 

Turning now to the colloidal properties of ethyl 
cellulose, a diversity of materials are found to be used as 
plasticizers because of the excellent compatibility of 
ethyl cellulose, especially in the ethoxy] region near the 





TABLE 4 


Influence of Chain Length of Ethyl Cellulose on Low- 
Temperature Impact Strength 





Impact strength, 
ft.-lb. /in. of notch 

















D.P. of 
original ethyl Charpy, Charpy, Izod, 
Material cellulose 77°F. —40°F.—40° F. 
Formula B: 
E/C, 2.25 substitution 840 6.8 3.4 3.1 
555 6.6 2.3 2.1 
Formula A: 
E/C, 2.35 substitution 1000 9.1 3.4 1.9 
600 aod 2.3 1.4 
Formula B 
E/C, 2. 35 substitution 1000 8.1 3:3 2.6 
600 7.5 2:2 1.3 
Formula C: 
E/C, 2.35 substitution 1000 7.9 3.0 ye f 
600 6.3 2.2 2.0 
Formulas: A B c 
Ethyl cellulose (Z/C) 84 87 95 
Plasticizers 16 13 5 
Stabilizer 0.25 0.25 0.25 
TABLE 5 


Permanence of Chain Length of Ethyl Cellulose during 
Successive Re-injections of Ethyl Cellulose Plastics 


MATERIAL: Ethy] cellulose of 2.35 substitution, 2.14 intrinsic 
viscosity. FORMULA: 84 parts ethyl cellulose, 16 parts plasti- 
cizers, and stabilizer as shown below per 100 parts of plastic. 














Data 
With 0.5 part With 1.0 part 
stabilizer stabilizer 
Charpy Charpy 
Properties in impact, impact, 
molding powder Dee. 77°F. DP; Goer. 
Original ethyl cellulose 600 F 600 es 
After 1st injection 580 7.8 592 8.2 
After 2nd injection 580 5.5 576 5.3 
After 3rd injection 576 5.6 580 5.4 























v 





ATION 


gly de- 
sllulose 
gree of 
ite, the 
ose, al- 
used in 
ng the 
Table 4 
further 
| cellu- 
rength 
lata of 
entire 
rength 
or tions 
1 prac- 
lulose 


ethyl 
ised as 
lity of 
ar the 








plasti- 
nlastic. 





art 
: 





arpy 
ypact, 
Teh. 


OO bo: 


\* 


3 
. 
) 

















MAY, 1947 


minimum of the melting-point or flow curve, with many 
classes of high-boiling organic compounds. These in- 
clude (1) esters which produce rather soft, readily flow- 
able materials and (2) hydrocarbons, both aromatic and 
aliphatic, which also produce flowable plastics but of 
somewhat increased rigidity. The material of higher 
ethylation, being more oil-sensitive and of high flow 
temperature, is seldom used. Material of the lower 
ethylations, down to 2.21 ethoxy], is most often used 
with ester plasticizers or with mixtures of esters and 
hydrocarbons. A slight advantage in impact strength 
at low temperatures is found by using material of 2.4 to 
2.5 substitution, perhaps because of the better solubility 
of these materials in most plasticizers. This fact may 
also explain the poorer impact strengths noted in Figure 
9 for the materials in the extreme ranges of ethoxy] con- 
tent shown. 

With respect to purity, the ethylation process makes 
no use of sulfuric acid, as do the esterification proce- 
dures; however, a different set of problems are en- 
countered. This material must be carefully protected 
from oxidative degradation both during processing and 
molding; this involves the removal of metallic ions, 
which might catalyze oxidation during the purification, 
as well as the proper protection of the material during 
molding by means of common antioxidants, such as 
diphenylamine or menthylphenol. Such materials also 
serve to eliminate acidic products of heat degradation 
which might also adversely affect the properties of the 
material. 

Another factor which must be watched for during 
processing is that the batch of ethy] cellulose is all of the 
same degree of ethylation, since inclusion of a material 
of much higher or lower ethylation than the average of a 
batch will tend to give poorly fused aggregates during 
processing of the flake into molding aggregates and also 
during its molding. 


SUMMARY 


In summary, this paper gives a discussion of the im- 
portance of four of the factors found to be critical in the 
study of cellulosic materials used in plastics. These 
factors are degree of esterification, degree of polymeriza- 
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tion or chain length, colloidal properties, and purity. 
The influence of these factors has been illustrated by 
practical examples taken from studies involving the use 
of cellulose esters (the nitrate, acetate, and acetate 
butyrate) and of the ether, ethyl cellulose, in hot-mold- 
ing plastics. 
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“Two opposing laws seem to me now in contest. 


The one, a law of blood and 


death, opening out each day new modes of destruction, forces nations to be always 
ready for battle. The other, a law of peace, work, and health, aims only to de- 
liver man from the calamities which beset him. The one seeks violent conquests, the 
other the relief of mankind. The one places a single life above all victories, the other 


sacrifices hundreds of thousands of lives to the ambition of a single individual. 


The 


law of which we are the instruments strives even through the carnage to cure the 


wounds due to the law of war... . 
knows. 


always labour to enlarge the frontiers of life.’’ 


Which of these two laws will prevail, God only 
But of this we may be sure, that science, in obeying the law of humanity, will 


Although it reads like a morning edi- 


torial, this was written in 1888 by Louis Pasteur. 





ca THE HISTORY OF A MELTING POINT 


Tue power of the printed word is well known. Once 
a statement or datum gets into print, it acquires a kind 
of sanctity which it ordinarily would not attain. If 
the statement should be in error, to prove it wrong may 
sometimes be quite difficult. This principle is illus- 
trated by the melting point of chloroacetophenone, the 
lacrimator known in military circlesasCN. The history 
of the melting point of CN may be outlined as follows: 

Graebe [Ber., 4, 35 (1871)] was the first to prepare 
CN, by chlorination of acetophenone, and found its 
m. p. to be 41°C. It was probably very crude. 

Staedel [Ber., 10, 1831 (1877)] prepared a sample of 
CN which he stated melted at 58-59°C. This is the 
m. p. reference that is generally quoted in chemical hand- 
books and in textbooks of chemical warfare agents; it 
influenced most of the later workers on CN. 

Friedel and Crafts [Ann. chim., 6, 1, 507 (1884) ] pre- 
pared CN from benzene and chloroacety] chloride in the 
presence of aluminum chloride, and “obtained a solid 
substance very irritating to the eyes, melting at 56°, 
at 53° after crystallization from alcohol, and boiling at 
241-242°.” 

Gautier [Ann. chim., 6, 14, 380-1 (1888)] prepared 
CN by the Graebe method and by the method of Frie- 
del-Crafts. The products in each case melted at 55°C. 
and boiled without decomposition at 244°C. 

Collet [Bull. soc. chim., 3, 17, 506 (1897)] made CN 
by the Friedel-Crafts reaction, and obtained a m. p. of 
57-58°C. after two crystallizations from alcohol. 

Rust [Ber., 30, 2833 (1897)] prepared CN by an in- 
direct process and identified the CN by obtaining what 
he termed the right (“richtige’”) m. p. of 58-59°C. 
This indicates the influence of Staedel’s figure. 

Korten and Scholl [Ber., 34, 1902 (1901)] recrystal- 
lized CN from alcohol “to a melting point of 58-59°C.” 

Tutin [J. Chem. Soc., 97, 2500 (1910) ] crystallized CN 
from light petroleum and gave the m. p. as 59°C. 

Clibbens and Nierenstein [J. Chem. Soc., 107, 1492 
(1915) ] obtained CN as one of the products of a reaction 
and gave the m. p. as 58-59°C. It was crystallized 
from light petroleum. 

Helfrich and Reid (unpublished report to the CWS 
in 1918) made CN by established procedures and 
(pointing out its military use) said, “These crystals 
melt at 58-59° and boil undecomposed at 246°.” 

Stoltzenberg (“Preparation of Poison Gases,’’ Ham- 
burg, 1930) lists the m. p. of CN as 56-58° on p. 9, and 
on p. 12 states that the pure compound melts at 58° but 
the literature is not in agreement on this value. 

Hoogeveen [Rec. trav. chim., 50, 672 (1932)] refers 
to the preceding remark in Stoltzenberg. He found it 
impossible to attain a m. p. of 58° by repeated vacuum 
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distillation or recrystallization from light petroleum. 
The highest m. p. he obtained was 56.5°C. This was 
the first work in which the m. p. of CN was obtained 
with the object of establishing the correct value. 

Baker [J. Chem. Soc., 134, 1154 (1932) ] prepared pure 
CN for physicochemical measurements. The material 
was crystallized repeatedly from alcohol and finally 
from ligroin and had a m. p. of 56°C. 

Pusin and Hrustanovic [Ber., 71, 798 (1938) ] crystal- 
lized CN from acetic acid. They stated, “It melted 
at 54° (instead of 58°). Our preparation therefore was 
not entirely pure.”” This was a remarkably timid state- 
ment, for this melting point was the best value in all the 
published literature on CN. 

It is obvious from this history that Staedel’s work 
back in 1877 had the sanctity of the printed word. 
Some of the succeeding workers undoubtedly simply 
copied his value for the m. p. into their records, but most 
of them measured it and strove to obtain his result. 

The writer purified CN by the following procedures: 

(a) One crystallization from 95 per cent alcohol. 

(b) One crystallization as in (a) followed by crystal- 

lization from benzene. 

(c) Crystallization three times from 95 per cent alco- 

hol. 

Several days of air-drying or vacuum-drying were 
required to remove the solvent. All these samples gave 
the same results in the melting point and freezing point 
measurements. The product from (c) was pure by 
chlorine analysis. 

The melting point was first determined by capillary 
tube in a Thiele apparatus. The capillary tubes had a 
diameter of 1 to 1.5 mm., and the calibrated Anschutz 
thermometer was graduated to 0.2°C. The first melting 
points went over 55°, but in careful measurements it 
was found that the temperature at which sufficient 
had melted to form a meniscus was a little over 54.5°C. 

To fix the melting point more definitely, it was finally 
measured in a Beckmann apparatus. When seeded at 
53° with the bath at 50°, the sample froze at constant 
temperature at 54.0°. When melted with the bath at 
58-60°, the melting temperature was constant at 
54.0°. The amount of CN used in this test gave a vol- 
ume of about 20 cc. when melted, ample to cover the 
bulb of the thermometer. 

The purification of CN is such a simple matter and 
the correct m. p. is so readily determined, one is forced 
to the conclusion that the perpetuation of an incorrect 
value for the m. p. was due as much to the psychological 
effect of the printed word as it was to the tendency of 
organic chemists for running melting points in capillary 
tubes, which often give high results. 
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Pecrin is a naturally occurring substance which is 
bound to the cells in most of the higher plants. It is 
well known that the cell walls of such plants consist 
chiefly of cellulose, a substance arising from the poly- 
merization of glucose. It has been postulated that the 
plant lays down its cell-wall cellulose in one thin layer 
over another, and the material from which it is made 
is the sugar formed in the plasma by the aid of chloro- 
phyll and sunlight. Side by side with this process 
of formation there also occurs a decomposition of the 
formed cellulose. The oldest cellulose layer—that is to 
say, the layer furthest from the cell’s interior—breaks 
down to a substance called “hemicellulose.” This name 
is applied to various substances which are decomposi- 
tion products of cellulose and therefore have a smaller 
molecular weight than the latter. Hemicellulose is 
softer and more water absorbent than cellulose. Cer- 
tain hemicelluloses can swell with water and form vis- 
cous colloidal solutions. In the plant tissues these 
have the property of binding the plant cells together. 
Because of their water-absorbent properties the inter- 
cellular substances formed of hemicellulose constitute a 
water reservoir for the plant from which water is easily 
given off for evaporation and on which the plant can 
subsist in dry periods. 

Pectin belongs to the group of hemicelluloses, to that 
group of them which are formed in the fleshy parts of 





plants, such as the ripe fruits, green stems, tubers, and 
the like. When these plant parts become mature and 
fleshy, they yield more or less pectin, until the time 
when the parts undergo their final breakdown. Then 
pectin also decomposes to sugars of simpler constitution 
or to other substances no longer possessing the water- 
absorbent and swelling properties of pectin. 

In this degradation of pectin the other group of sub- 
stances which will be discussed in this lecture play a 
role—namely, the pectin-splitting enzymes. Since both 
pectins and preparations of these enzymes have con- 
siderable modern technical and pharmaceutical use, 
there should be some interest in a brief review of the 
nature of these substances and their preparation. 

Pectin was discovered in 1824 by the French chemist 
Braconnot (1). He analyzed the content of Helianthus 
tubers and found a jelly-like material which he could 
precipitate from an alkaline extract by adding an acid. 
This he called “pectin” from the Greek word, pectus, 





1 Translated from an article in Dansk Tidsskrift for Farmaci, 
18, 137-62 (1944). 
2 Present address: Yale University, New Haven, Connecticut. 
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(Translated by Clifford S. Leonard,? 
University of Vermont) 


meaning a jelly. Braconnot later reported that there 
existed various pectins, some with acidic properties, 
others neutral in reaction. The acid pectins were the 
substances that he could extract from plants by means 
of alkali and could precipitate with acid. These he 
called “pectic acid,”’ but that was not the only form in 
which pectin existed in the plants. If he precipitated an 
aqueous extract of his tubers with strong alcohol, he 
also got a jelly-like mass which was water soluble and 
not acidic by nature. 

He called this ‘‘neutral pectin,” or just “pectin.”” He 
made another important discovery about pectin, for he 
observed that the water-soluble neutral pectin could be 
used to cause the jellying of fruit juices containing 
sugar (2). He made a practical application of this dis- 
covery, introducing to the French apothecaries pleasant- 
tasting pectin gels to mask the taste of unpleasant-tast- 
ing drugs. He also found that these gels were antidotes 
for the salts of such heavy metals as copper or lead, for 
he observed that such salts formed insoluble compounds 
with pectins. Thus Braconnot was the discoverer of 
pectin jellies. There elapsed about 100 years before 
this discovery acquired technical importance and came 
to be used in the conserves industry. 

The next chemist to write about pectin chemistry was 
also French. This was Fremy, later famed for his work 
on artificial rubies. In his youth in the 1840’s he 
worked with pectins, the French pharmaceutical society 
having announced a prize for work in pectin prepara- 
tions (3). Fremy, who prepared pectic acid and pectin 
in a quite pure state (4), made the interesting observa- 
tion that many plant parts—for example, unripe fruits 
which, because of their failure to yield pectin on alkaline 
or aqueous extraction, seemed not to contain it— 
yielded a lot of pectin if they were boiled with dilute 
acids (6). This led Fremy to assume that unripe 
fruits and other hard parts of plants contained a pre- 
cursor of pectin which yielded pectin on boiling with 
dilute acids. This he called ‘‘pectose,” a name later 
altered by the Swiss worker, Tschirch, to ‘“protopec- 
tin,” now more often the term used. Fremy, later, 
from certain observations previously made by Bra- 
connot, discovered that protopectin could also be de- 
graded to pectin enzymatically. 

About the year 1845 the following pectin substances 
were known: (1) protopectin, an insoluble precursor of 
the pectins of plant tissues; (2) pectic acid, obtained 
by acid precipitation of alkaline pectin solutions; and 
(3) soluble pectin, precipitable from plant juices by 
adding strong alcohol. 
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Fremy clarified some of the questions about the 
formation of pectins in plants (particularly the fruits). 
He differentiated two chief phases in the development 
of fruits. First was the growth period during which the 
fruit is green, contains chlorophyll, and has functions 
similar to leaves—namely, CO: assimilation, respiration, 
etc. The second phase is the decomposition period, not 
in the sense of a rotting of the fruit, but a period in 
which the enzymatic degradation processes occur mak- 
ing the fruit soft, fleshy, juicy, sweet, and colored. In 
this period pectin arose from protopectin so that near 
the time that the fruit reached that stage which we call 
“full ripe,” the fruit contained both protopectin and 
soluble pectin. Only when it became what we call ‘‘over- 
ripe” had all the protopectin been converted to soluble 
pectin. This finding is of technical importance as re- 
gards the preparation of pectin from fruits. 

The chemists who concerned themselves with pectin 
~ in the next 60 years after Fremy concentrated attention 
on the preparation of pectin in as pure a form as possible 
and studied its chemical and physical properties and its 
occurrence in nature. Real interest in the constitution 
of the pectin molecule began after 1900. The first per- 
son to work on a rational basis was the Swiss chemist, 
Fellenberg (6),: who observed that pectins contained 
methoxy groups. He concluded that the pectin mole- 
cule was esterified by methyl alcohol and that it con- 
tained araban and galactan, two substances which are 
polymers of arabinose and galactose. We cannot stop 
to review Fellenberg’s interesting and useful work (7) 
but must jump ahead to speak of the chemist who in 
1920-35 did much good pathfinding work on the 
chemical composition of pectins—namely, Felix Ehrlich 
of Breslau (8). His field of work was carbohydrate and 
sugar-beet chemistry, and he therefore, very naturally, 
concerned himself with the biochemistry not only of 
beet sugar but also of pectin substances. Sugar beets 
contain much pectin, and Ehrlich observed that eluting 
sugar-beet slices in diffusion batteries was a technique 
superior to all others for separating protopectin. 
By this means it was obtained more intact and unal- 
tered than if the minced beets were boiled and then 
pressed. He set up the following scheme of pectin 


degradation: 
Genuine pectin 





Hydratopectin 
| 
a Ca and Mg salts of pectic acid 
l-Arabinose Primary pectic acid: Cy HeOxe 
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Methy] alcohol (2 mols) l-Arabinose (1 mol) 
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1 
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He carried out his decomposition of pectin in part by 
acid hydrolysis, in part by enzymatic hydrolysis. The 
individual substances he separated by precipitation with 
various strengths of alcohol. When protopectin hydro- 
lyzes, it forms araban and a soluble pectin which Ehr- 
lich called “hydratopectin.” Araban is a complex of four 
molecules of pentose. Hydratopectin is a mixture of 
araban and the calcium salt of pectic acid. Pectic acid 
could be isolated from the hydratopectin, and this Ehr- 
lich called ‘‘primary pectic acid’’ (identical to- Bracon- 
not’s pectic acid). This, by mild treatment with hydro- 
chloric acid, Ehrlich thought, decomposed to yield 
methyl alcohol, acetic acid, arabinose, and galactose, 
leaving a substance which was the actual “skeleton” on 
which pectins are built—namely, the acid which Ehr- 
lich called “‘pectolic acid.” This he thought consisted of 
four molecules of galacturonic acid, a monocarboxylic 
acid related to galactose, just as glucuronic acid is re- 
lated to glucose: 


CHO CHO 
HOOH HCOH 
HOCH HOCH 
HOCH HOCH 
HCOH HOOH 
buon COOH 
Galactose Galacturonic acid 


Pectolic acid and pectolactonic acid Ehrlich thought 
had the formulas shown on page 225. 

Thus, according to Ehrlich, the pectolic acid had an 
unsymmetrical ring form and was composed of four 
galacturonic acid molecules, tetragalacturonic acid. 
After longer boiling with weak acid, it could give off a 
mol of water, the ring opening to form pectolactonic 
acid. The latter had no jelling properties. According 
to Ehrlich, this was what formed if a fruit jelly was 
cooked too long and lost its jellability. One may note 
that the lactonic acid has but three carboxyl groups, 
whereas the pectolic acid has four. The lactonic acid 
reduces Fehling’s solution; the pectolic acid does not. 
Ehrlich thought that this was the basic structure of 
pectin. He and others, in studying the jelling power 
of pectins from various plants, thought that one must 
seek the cause of different jelling powers in quantitative 
or qualitative differences in the groupings chemically 
bound to the pectolic acid molecule. Thus, for ex- 
ample, it was long known that beet pectin practically 
will not jell, while pectins from citrus fruits will jell 
better than most other kinds of pectin. Why this 
difference? Workers thought that it had to do with the 
number of methyl groups, and many analyses seemed 
to show that there was actually a different number of 
methoxy groups in pectins of different origins. 

In the Festshrift of 1935 of the Breslau Technical In- 
stitute Ehrlich showed how he thought the pectin mole- 
cule was constituted. Figure 1 shows the molecule 
after the splitting off of araban: 
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One may note from this that Ehrlich thought that the 
actual pectin molecule contained not only carbohydrate 
residues but also two acetyl and two methyl groups. 
Two of the tetragalacturonic acid’s carboxyl groups 
were esterified with methyl groups, while the other two 
were linked by extra valence (“half-bound’’) to Ca and 
Mg. Ehrlich tried to replace Ca and Mg with methyl 
groups, and he obtained a trimethyl and a tetramethyl 
compound. Such pectins were less soluble, but they did 
not have greater gelling powers than the parent pectin. 
So the theories of the importance of the methyl groups 
for gelation fell to the ground. Later, about 1935, 
Ehrlich thought he had solved the problem of the gela- 
tion of pectins. In these further studies he thought that 
pectolic acid was not the actual skeleton of the pectin 
that was ready to jell. One may note that his first 
studies were on beet pectin, which had but slight jelling 
power. In jelling pectin, he thought that there was 
formed another acid, pectolic acid less one mol of water, 
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possessing a closed ring and having four carboxy 
groups. This new acid he called “gel-pectolic acid.” 
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He thought that pectins containing this acid were in 
the state to jell. We may note that while the pectolic 
acid formula is unsymmetrical, that of the gel-form is 
symmetrical, a ring composed of four like radicals. 
Ehrlich thought that this had to do with the gelation. 
In most pectins, he claimed, the two acids occurred side 
by side, and that pectin which contained the most gel- 
pectolic acid jellied the better. Some pectins, such as 
beet pectin, he thought lacked gel-pectolic acid entirely. 
What the proportion of the two pectins might be in a 
given plant, he thought, depended on the nature of the 
protopectin-splitting enzymes that the plant possessed. 

The empirical formulas of the two pectins indicate 
for the pectolic acid a molecular weight of 722 and for 
the gel-form a molecular weight of 704. This is cited 
because in recent years Ehrlich’s formulas have been 
much criticized by Bauer and Link (9) and by Schneider 
and Bock (10). On the basis of X-ray spectrography 
and molecular weight determinations they found that 
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the pectolic acid could not have the ring form, but 
rather a chain form, and it must be of far higher mo- 
lecular weight than that indicated by Ehrlich’s formula. 
They have claimed that the molecule must consist of at 
least ten galacturonic acid molecules, and in some cases 
considerably more. Schneider and Bock thought that 
the preparations used by Ehrlich were not pure. The 
sugars and acetyl groups which, according to Ehr- 
lich, were bound to the molecule were actually impuri- 
ties from the raw material, they claimed. These 
workers found more methoxy groups than had Ehrlich, 
and they found a constant amount in pectins of various 
origins. They assume that the sugars and the acetyl 
groups do not enter into the pectin molecule, which 
probably consists of a chain of galacturonic acid mole- 
cules in which 75 per cent of the COOH groups are 
esterified by methyl groups and 25 per cent are free. 
One must admit that this chain formula clarifies the 
gelation properties of pectin to a better degree than does 
Ehrlich’s formula. Ehrlich, all in all, gave no better 
understanding of the jelling process than merely to 
claim that gel-pectolic acid jells, and pectolic acid does 
not. The more recent workers have studied the process 
of gelation and the nature of the pectin molecule. Their 
findings seem to be as follows: 

1. The greater the size of the molecule, the more 
solid the jelly. Thus they showed the following rela- 
tions: 

Viscosity 
spec. visc./conc. 
of the 
ester, measured Approximate average 
Solidity of the jelly in acetone molecular weight 


Most solid 110 180,000 
Very solid 85 140,000 
Solid 70 115,000 
~ anae. ol 55 
Very t 30 50,000 
None 20 30,000 


2. Difference in the jelling power of different pectins 
depends primarily on the difference in the length of the 
molecular chain. 

The molecular weights given in the table are obtained 
from measurements of the viscosity of nitrated pectins 


dissolved in acetone. The esterification with nitric 
acid forms nitropectins (like nitrocellulose), and these 
are soluble in acetone (11). 

Schneider and Bock hold that gel formation is con- 
cerned with the freeing of a carboxyl group formerly 
bound by a methyl group. This free COOH group can 
couple to OH groups of other pectin molecules, and as 
more and more COOH groups are freed, there are longer 
and longer molecular chains which form a half-stiff net- 
work yielding a three-dimensional figure throughout the 
liquid. For the freeing of COOH groups the solution 
must be acid—that is to say, gelation occurs in acid 
fluids. But the fluid must not be too acid; in such an 
event the molecule is too far decomposed and the solid- 
ity of the gellessens. In this connection the splitting off 
of methyl groups causes pectin to become less soluble; 
consequently, the splitting must not go too far. One 


JOURNAL OF CHEMICAL EDUCATION 


gets too great a decomposition, for example, if one 
saponifies with NaOH. With the adding of acid to such 
a preparation, one gets no jelly, but rather the immedi- 
ate separation of insoluble pectic acid as a precipitate. 
One may conclude: the faster pectic acid separates, the 
softer and poorer is the jelly and the more granular is 
the rapidly separated pectic acid, which is not in a state 
to give a stable jelly. Schneider and Bock give a curve, 
shown in Figure 2. This shows that a strongly acid 
solution frees many COOH groups and gives a brief jell- 
ing time. In weakly acid solutions there are few free 
COOH groups and a long jelling time. 

For the molecular net formed to be able to stiffen the 
liquid, the concentration of pectin must be great. The 
effective concentration can be raised by adding to the 
solution large amounts of a substance that can bind 
water molecules—for example, sugar. Thus pectin jells 
best at pH 3 and in a solution containing about 60 per 
cent sugar. Gelation is aided by a short boiling which 
helps to free some bound COOH groups. But what has 
been said about the degree of acidity holds, and the 
boiling must not be too long; the more it boils, the 
more insoluble becomes the pectin and the thinner is the 
jelly. There need only be freed a small number of 
COOH groups, and thereafter the process goes on of it- 
self as in a crystallization process. One can formulate 
the gelation conditions as follows. Pectin needs to be- 
come less soluble, but this process must not go too far, 
for one will come nearer and nearer to the point where 
the pectin becomes quite insoluble and gives a precipi- 
tate instead of a jelly. One cannot, as with the gelation 
of gelatin, make the gel liquid and, on cooling, again get 
it to stiffen. In place of sugar one can use other water- 
binding substances, such as alcohol, glycerin, etc. Actu- 
ally cane sugar, usually used for practical reasons, is not 
the best water binder. Glycerin or alcohol is stronger 
in this regard. As we shall see later, in certain deter- 
minations we use the action of alcohol to get very thin 
pectin solutions to stiffen. 

In connection with the discussion of Schneider and 
Bock’s theory, one should say that the new work on the 
molecular structure of pectins brings to an end Ehrlich’s 
nomenclature. The present view on this is as follows. 
The term “pectin substances” we use as the name for 
technical pectin preparations; “pectin” is the term for 
purified pectins—that is to say, those not containing 
araban, galactose, or acetic acid; “pectic acid” is the 
term for demethylated pectin—that is, free polygalac- 
turonic acids; by the term “hydratopectin” we desig- 
nate a pectin partly hydrolyzed with acids—for ex- 
ample, pectolactonic acid. 

The technical preparation of pectins is a modern proc- 
ess. It began about 1900 in America, and in 1908 the 
Pomosin Works in Germany began to make pectin 
preparations from apples. In the years before the 
second World War fabrication of such material was be- 
gun in Denmark, but during the war when pectin was 
not available from Germany or Switzerland the indus- 
try received a considerable stimulus, and Denmark has 








TION 


one 
such 
nedi- 
tate. 
, the 
ar is 
state 
Irve, 
acid 
‘jell- 
free 


1 the 
The 
» the 
bind 
jells 
) per 
hich 
| has 
the 

the 
3 the 
r of 
of it- 
ilate 
) be- 
far, 
here 
cipi- 
tion 
1 get 
ater- 
ctu- 
$ not 
nger 
eter- 
thin 


and 
1 the 
ich’s 
OWS. 
> for 
1 for 
ning 
; the 
alac- 
esig- 
eX: 


FOC 
} the 
sctin 

the 
3 be- 


dus- 








MAY, 1947 


embarked upon an industrial conquest (a home-grown 
industry) which will also be of postwar use. Pectin is 
sometimes made in fluid form, sometimes in solid form. 
The raw material in Europe is the press cake from ap- 
ples, a by-product of the manufacture of cider, vinegar, 
and fruit wine (calvados). An increase of apple growing 
and especially the widespread preparation of cider have 
supplied a natural foundation for pectin manufacture in 
the mid-European lands; in America much pectin is 
made from apples and citrus fruits, which latter yield a 
pectin jelling better than all other pectins. 

After pressing out the apple juice in a cider mill or a 
fruit winery, the press cake remaining is called “apple 
pomace.” Apple pomace is often confused with apple 
pulp. The latter consists of apples strained through a 
coarse filter to hold back the seeds and the hard parts of 
the apples. The pulp is thus the juice and the soft 
fruit flesh, while the pomace contains the seeds, the 
hard parts, and the fruit flesh freed from juice. 

If the pomace cannot be worked up in the pectin 
plant in a day, it is dried to a water content of about 12 
per cent in warm air ovens, as a rule at about 80°C. Itis 
necessary to dry the pomace if it is to be stored or 
shipped, for the apples, as is true of other pectin-con- 
taining fruits, contain enzymes which decompose not 
only the protopectin but also the soluble pectins, and so 
the pectin content would decrease with standing. Also 
a vegetation of molds and yeasts in the pomace will 
further decompose the pectin, for these microorganisms, 
as we shall see, produce pectin-splitting enzymes. 

In most factories an acid hydrolysis is used to bring 
the protopectin content of the pomace over to a soluble 
pectin. To get the pectin as clean as possible, one first 
washes the pectin with water so that the juice, gums, 
starch, etc., areremoved. Then to the pomace is added 
about 20 times its weight of dilute lactic acid, acetic 
acid, or sometimes hydrochloric acid, and it is warmed 
with this acid solution for a suitable time at about 90°C. 
Some plants use lower temperatures, others higher; 
some even handle the pomace in autoclaves. The proc- 
ess is controlled so that the protopectin shall be broken 
down, but not so far as to affect the jellability. Im- 
portant here are the correct acidity (about pH 3), the 
right temperature, and the correct duration of action. 
These conditions can be varied, and each manufacturer 
has a technique based on his own experience. 

The pressed-out extract from the pomace is called 
“thin juice.” It is often treated with various clarifying 
agents so that the finished pectin shall be as clear a 
solution as possible. Among such agents one may men- 
tion diastase, added to decompose and dissolve the 
starch grains. After clarification the pH of the thin 
juice is raised by adding sodium carbonate; then it is 
evaporated at about 40°C. to such a concentration as to 
contain about 10 per cent dry weight. This prepara- 
tion is the commonest commercial form of pectin, the 
so-called “liquid pectin.” Besides pectin it contains 
some ballast substances, some carbohydrate, and‘ some 
albumins. The pectin content is about two to two and 
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one-half per cent; however, there is often need for a 
considerably purer pectin, and so pectin is also made in a 
dry state, ‘dry pectin.” While Denmark has not yet 
started the manufacture of this product, the process is 
being studied, and before long we will have dry pectin to 
equal that which we got before the war from America, 
Switzerland, and Germany. The principle of prepara- 
tion of dry pectin is that after partial evaporation the 
thin juice is precipitated with alcohol, throwing out the 
pectins but leaving the carbohydrates, etc., which are 
soluble in 70 per cent alcohol. The precipitated and 
washed pectin is dried at a fairly low temperature. 
There are other methods of preparation—for example, 
oven drying of the liquid pectin followed by a washing 
of the powder with alcohol. Dry pectin naturally costs 
more than liquid pectin, but it contains considerably 
more jellying substance, and it keeps far better than 
liquid pectin. The latter may be rapidly destroyed by 
microorganisms such as molds and yeasts, as we have 
said. Hence, it is necessary to use a preservative with 
liquid pectin, such as sulfite or sodium benzoate; how- 
ever, to act as preservatives these require that the pectin 
be acid, and this may cause a lessening of the jellying 
properties of-the pectin preparation. 

When one has made the pectin preparation, one needs 
to determine its content of pectin. This is done by pre- 
paring a dilute solution, about two per cent of the liquid 
pectin (or an 0.2 per cent solution of dry pectin). To 
this solution one adds enough NaOH to make the solu- 
tion 0.002 molar with respect to NaOH. After 12 hours’ 
standing at room temperature the methyl groups are 
fully split off as methyl alcohol. At the end of the 
saponification the solution is acidified weakly with acetic 
acid, and an excess of CaCl, is added. This precipitates 
calcium pectate. This is filtered off and dried and 
weighed. The method gives reproducible results (12), 
but this test still does not answer the chief question. 
Can one expect that the preparation will give a good 
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jelly or a poor one? It tells us something about the size 
of the pectin molecule, however, for a pectin degraded to 
a certain degree can no longer precipitate as a calcium 
salt, but it does not show us whether the pectin mole- 
cule has lost methyl groups during the preparation proc- 
ess as can happen if it is exposed to too great a hydro- 
gen ion concentration. 

The calcium pectate method is useful in pectin analy- 
sis to disclose certain adulterations of pectin. I am 
thinking of the mixtures with dried plant gums—for ex- 
ample, from carob beans or from quince kernels. These 
gums give no precipitate with CaCl, so if they are 
mixed with pectin or sold as pectin the adulteration can 
be detected by the calcium pectate method. According 
to the standard in Switzerland, dried pectin should have 
a content of at least 25 per cent pectin. The plant 
gums named have a certain jelling tendency like pectin, 
but the jelly formed is of quite different consistency 
from a pectin jelly, so it is important to be able to dis- 
tinguish between true pectin and these gums. Vis- 
cosity measurements tell us something about the state 
of pectins. 











TABLE 1 
Tests on a Decomposing Pectin Solution” 
Relative Jelling power: Pectin as Ca 
Time: viscosity: grams pe : 
hours seconds (Luer’s method) mg. % 
0 94.0 813 942 
4 63.0 640 930 
8 47.0 326 931 
12 36.0 224 919 
18 27.0 74 900 
24 22.0 0 877 
36 17.6 iishe 854 
48 14.5 831 
72 12.3 813 
96 11.4 778 
144 11.0 721 
192 10.6 655 
264 10.2 545 
360 10.2 413 
450 10.2 257 
540 10.3 149 
648 10.2 0 
(H:0) 9.2 


* After Mehlitz (Die Konserven Industrie, 1938). 





From Table 1 it may be seen that in a pectin solution 
undergoing decomposition, the viscosity falls more 
rapidly than does the amount of calcium pectate formed. 
Hence the viscosity is a better index of the quality of a 
pectin than is the Ca-pectate value. This was the basis 
of the belief that viscosity measurements afforded good 
control of pectin preparations. This would be true if 
one were concerned only with very pure pectins; but in 
the control of commercial products the method is not so 
useful, for these contain many impurities markedly 
affecting the viscosity. To determine the power of a 
pectin to give a jelly, one must test the actual gelation 
under conditions as standard as possible and determine 
the minimum amount of the pectin preparation which is 
able to give a jelly of a determined solidity. Many vari- 
ant methods for this determination have been set up. 
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Most used in Denmark is the method of the Swiss 
worker, Geret (13). 

This starts with a fluid pectin, or a ten per cent (or 
five per cent) solution of a dry pectin. One delivers 
varying quantities—10, 9, 8, 7, 6 ml., etc.—into test 
tubes of 14-mm. diameter and dilutes each to 10 ml. 
with distilled water. To each, one adds 3.33 ml. of 95 
per cent alcohol containing two per cent citric acid. 
The glass is inverted three times and is left exactly one 
hour in ice water. Now one stoppers the tube and de- 
termines in which tubes, when completely inverted, the 
jelly will not flow for at least 5 seconds. The greatest 
dilution at which this is the case is the boundary concen- 
tration. The reciprocal of this concentration (X 100) 
is the jelling power. Example: A tube with 8 ml. of a 
five per cent dilution of pectin is the boundary one. 
The concentration is 5 X 8/10 = 4, the boundary conc. 
The jelling power is 100/4 = 25. The pectin then has a 
Geret number of 25, or measures 25 Geret. 

If the fluid preparation was prepared from a 10 per 
cent solution of dry pectin, the dry pectin has the Geret 
number of 250. In this process alcohol plays the same 
role as does sugar in ordinary jelly making—namely, as 
a water absorbent—and it is a more powerful one than 
cane sugar. The method is easily reproducible, but the 
results depend to a marked degree on how one inverts 
the tubes, whether rapidly or slowly, whether one holds 
the tube constantly inverted, etc. A method avoiding 
these factors is being sought. 

What is pectin used for? The chief use until recently 
has been for making fruit jellies, jams, and marmalades. 
It is well known that certain fruit juices boiled with the 
right amount of sugar on cooling can stiffen to a jelly, 
and also fruit pulps cooked with sugar acquire a half- 
stiff consistency on cooling. This arises from the con- 
tent of pectin in the juice or pulp. For a jelly or marma- 
lade to have the proper consistency various factors are 
involved: first, the kind of fruit and its degree of ripe- 
ness, the acidity, the sugar content of the juice or pulp, 
and also the time of boiling during preparation. It 
must not be cooked so much as to decompose the pectin, 
but enough to increase the pectin content sufficiently by 
water evaporation to obtain a complete or partial gela- 
tion on cooling. The boiling has always been an impor- 
tant point in industry, partly because of danger of dis- 
coloration due to a long boiling, partly because of dan- 
ger of lessened vitamin content; therefore, any possi- 
bility of decreasing the boiling time is of interest. 
Adding gelatin, agar, starch, etc., were among the meth- 
ods tried, but this could lead to intolerable adulterations. 
It is better to add fruit juices of good jelling power to 
those of poorer. 

These jelling juices which became commercial prod- 
ucts had some vogue, but they were unsatisfactory 
when they lent to the conserve a strange, undesirable 
taste. In 1907 the German Pomosin Works began to 
make taste-free pectin preparations from apple pomace. 
This was a real advance. The boiling time of the con- 
serve could now be greatly decreased, and in modern 
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In many 


marmalade works pectins are a great aid. 
countries the limits of pectin content are controlled by 
law, or declaration of it is required on the label. 

How much pectin should be added to a jelly or mar- 
malade depends on what fruit is used. Raspberry or 
strawberry marmalades, for example, require much 


pectin; apple marmalade requires less. The range is 
about 5 to 10 kg. of liquid pectin per 100 kg. of marma- 
lade. Science has altered and controlled the old art of 
marmalade cooking. Knowledge of the pH, pectin 
content, the content of dry weight of invert sugar, and 
many other things, enable the manufacturer to make the 
best possible marmalades at the lowest possible cost 
(14). 

Pectin is also used in other food industries. Thus, in 
the ice cream industry it is used as a stabilizer to uphold 
the stiffness of the ice cream. One may also mention the 
salad-oil industry, where it is used to emulsify oils, and 
the confectioner’s industry, where it is used in cream 
fillings, fondants, and butter creams. Flash jellies used 
in cake shops for the decorating of cakes are concen- 
trated pectin jellies. They are made in the cake shop 
by adding 55 per cent sugar to a bottle of concentrated 
pectin solution, along with flavors and color ingredients. 
A 10 per cent acetic acid solution is at hand. When 
stated amounts of the two solutions are mixed, the mix- 
ture stiffens, and after a half hour it can be cut into 
small jelly blocks to decorate the cakes. 

In the dairy industry, also, pectin is used. Here it is 
not the jelling property that is made use of, rather the 
property of pectins to coagulate albumins of sweet milk 
(first and easiest, the casein). These form a moist 
coagulum somewhat like that obtained when acid or 
rennin is added to milk. There is a difference, however, 
for the albumin obtained with the aid of pectin is water 
soluble, whereas that precipitated by rennin or acid is 
not. In the pectin precipitation the chemical nature of 
the casein is unaltered, whereas the casein is converted 
by the rennin enzyme into an insoluble paracasein, and 
by acid it is decalcified to an insoluble monocalcium 
casein. It seems that the milk fat affects the precipita- 
tion so that pectin acts considerably poorer as a pre- 
cipitant of the casein of skim milk than that from whole 
milk. Pectin casein is particularly useful, for it can be 
redissolved in water. It is better assimilated than is 


rennin casein or acid casein, and its taste is better. Its 
water-absorbent properties are quite great. As yet this 
type of casein has not come into use in Denmark. In 


Germany and Switzerland it has been used for some 
years, both as a direct food mixed with various condi- 
ments, and also as a sort of aromatic cheese converted 
by Penicillium roqueforti. It is also used in making 
other cheeses, and it is mixed into melted cheeses giving 
them a fine consistency. 

Related to the casein-precipitating property of pectin 
is its blood-coagulating property. This has long been 
known. It was actually what was being used when 
tresh juicy leaves were used on wounds to stop bleéding. 
In 1924-25 the French physicians, Violle and Saint-Rat 
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(15), reported on its blood-coagulant power, and this 
was further studied in 1934-35 by the Germans, Gohr- 
brandt and Wichmann (16). Their observations re- 
sulted in the introduction into medical use of a coagu- 
lant agent, ‘“Sangostop,” available for injection, for oral 
use, and for use on tampons. It is a two to eight per 
cent solution of a dry pectin, and it contains about 3.5 
per cent pectin to which is added various calcium salts. 
It has an acid reaction, for if neutral, pectin is not a 
coagulant, at least when injected or on tampons. Fig- 
ure 3 shows the effect of an injection of it upon the 
coagulation time of the blood of a rabbit. Initially the 
coagulation time was five and one-half minutes; about 
15 minutes later the injection of 20 ml. of “‘Sangostop” 
was made intramuscularly (17). About two hours 
later the coagulation time had decreased to one minute, 
and it continued at this level for about 15 minutes, then 
gradually rose, and the coagulation time was normal 
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seven hours after the injection. Thus one can see that 
if “Sangostop” is to be used to improve coagulability 
during an operation, it should be injected one to two 
hours before the operation is to begin. On tampons its 
action is almost instantaneous, and it has had its most 
successful use applied in this manner locally. 

Why does pectin exert this effect on blood coagula- 
tion? Reisser and Nagel have shown that it has to be 
acid in reaction. Other acids such as dilute lactic acid 
or dilute HCl, intramuscularly injected, exert a similar 
action. Orally taken they are ineffective, for the lactic 
acid is rapidly absorbed and metabolized, and the hy- 
drochloric acid is little absorbed as such in the intestine. 
What the relationship is between blood coagulability 
and the acid reaction of the injections is not clear. The 
pH of the blood does not alter. Reisser and Nagel have 
shown, rather, that some changes in the blood con- 
stituents occur. They claim that the acids produce a 
formation of thrombokinase (thromboplastin), but no 
sure proof is available. 

Pharmaceutical use is also made of pectin in prepara- 
tions of the ““Aplona” type. These, which consist of 
dried, pulverized apples, can be mixed with other pectin- 
containing fruits, such as quinces, or with fruits not con- 
taining pectin but mixed with sugars, and are used for 
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treating infant diarrheas. Here use is made of pectin’s 
mucilaginous, hydrophilic, and absorbent properties. 
No specific action of the pectin is called upon, for one 
can use other mucilaginous plant parts—for example, 
carrots. 

Now to come to the pectolytic enzymes, which we 
have frequently mentioned. These break down proto- 
pectin through the stage of soluble pectin to galactur- 
onic acid. This action involves many enzymes. Thus 
there is an enzyme which splits protopectin, another 
hydratopectin, and three or four that can break down 
hydratopectin into pectic acid and galacturonic acid. 
These have been given various names over the course of 
time, but there exists no generally accepted nomencla- 
ture since the decomposition of the pectin molecule is 
not wholly clarified. We will consider this group of 
enzymes in general (18). 

These enzymes are to be found in plants containing 
pectin and also in organisms which feed upon pectin- 
containing plants and which are able to assimilate pec- 
tin substances. Examples include snails among the 
animals and many saprophytic fungi among the plants. 
Snails have a pectolytic enzyme in their feeding organs, 
andthe mycelia of the fungi form and impregnate their 
substrate with pectolytic enzymes. These enzymes 
have considerable technical use; hence we should be 
interested in their sources. Sometimes we wish to rid 
some preparation of its pectin content, and here we may 
make use of these enzymes. Thus, freshly pressed-out 
fruit juices usually are viscous and cloudy, and it is often 
impossible to filter them clear. Both the viscosity and 
the cloudiness indicate the presence of pectin in the 
juice. Pectin holds the insoluble particles suspended in 
the juice so that one cannot get a clear filtrate. Cider 
would be hard to prepare if one could not in some way 
rid it of pectins. This is often done by adding to the 
pressed apple juice about two per cent of a weak gelatin 
solution, and as the juice contains tannin the gelatin 
precipitates in a fine network throughout the fluid and 
carries pectin and other clouding agents out with it. The 
supernatant fluid becomes thinner and can now be 
filtered clear; however this is a rather clumsy way to 
clarify. At thesame time there are removed substances 
which affect the color and taste of the cider. This has 
led to the technique of treating the cider with prepara- 
tions of pectin-attacking enzymes. These split the big 
molecules of gelatinous pectin to galacturonic acid 
molecules, and the cider becomes more fluid, just as 
after the gelatin treatment, but without affecting the 
color and taste. 

Pharmacists have used a similar process for many 
years in the preparation of official fruit juices. The 
berries are subjected to a brief fermentation until the 
pectins are decomposed, after which the juice can be 
mixed with half its volume of alcohol to give a clear solu- 
tion. This stops the fermentation; it is added as a 


preservative because yeasts and other microorganisms 
can produce pectolytic enzymes, and it helps to separate 
some of the clouding substances. 


A Danish study by 
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B. P. Boerrild (19) shows that one can obtain better re- 
sults than those obtained by the fermentation method if 
one adds to the fruit juice preparations containing pec- 
tolytic enzymes. 

Alteration of the constituents of the juice by fermen- 
tation influences the color and taste of the juice. This 
can be avoided by the use of the enzyme preparations 
and the quality of the enzyme-treated juices is far better 
as regards taste than those subjected to fermentation. 
The enzyme-treated juices are more viscous than those 
obtained by fermentation, but they do not jell. Natur- 
ally, a number of substances of carbohydrate nature, 
decomposed by fermentation, are here protected. One 
obtains an alcohol-free juice, and this is sometimes of 
importance. For some time the tax control has had its 
eye on the fermented fruit juices, classifying them as 
fruit wines. This difficulty is avoided if one uses the en- 
zyme preparations instead of yeast fermentation. 

In preparing enzyme-clarified fruit juices enzymes 
must act for about one day at 25°C. in order to decom- 
pose all the pectin. Since 25°C. is the optimum tem- 
perature also for most yeast fermentations, one risks 
the possibility that in this time fermentation can occur 
and interfere with the enzyme action. Hence, it is 
better to treat the fruit juice for a longer time with en- 
zyme at a lower temperature, below the fermentation 
optimum—say, at 12 to 15°C.—or for a short time at a 
temperature higher than the fermentation optimum— 
say, 45°C. Both are inconvenient in practice. From 
experience with the cider industry I would suggest that 
by adding 60 mg. of sulfurous acid per kilogram of ber- 
ries and then allowing the enzymes to act for 24 hours at 
25°C., one would have the best method. The small 
quantity of SO2 in question would suffice to check fer- 
mentation foraday. It does not inhibit the enzyme and 
it can be boiled off later. After the boiling there would 
still remain a trace of SO. which would protect the as- 
corbic acid content of the juice from oxidation. One 
must not overlook the fact that for enzymatic prepara- 
tion of the juices one must crush the berries finely so 
that the enzymes will come into intimate contact with 
the protopectin of the fruit flesh. The pressed juice 
should be given a certain time for after-clarification be- 
fore it is boiled. Then the juice is easy to filter, has a 
good color, and is considerably more viscous than that 
prepared by fermentation. 

The enzyme preparations are made from various 
fungi, such as species of Mucor, Penicillium, Aspergillus, 
Botrytis, and others. There is a Danish preparation 
now available. Some years ago Ehrlich tried to make 
pectolytic enzyme preparations from snails, but we be- 
lieve it is probably better to use molds for making them. 
One first stimulates the power of the mold to produce 
the enzymes by growing them on pectin-containing sub- 
strates, and then one transfers the mold to a neutral, in- 
soluble substrate, such as wheat bran, prepared in such 
a way that the mold can grow on the surface and that 
the mycelia of the mold will produce a rich amount of 
the pectolytic enzymes. At a determined time the mold 














 re- 
yd if 


eC- 


1en- 
This 
ons 
tter 
ion. 
lose 
bur- 
ure, 
Ine 
3 of 
its 
| as 
en- 


nes 


m- 
sks 
cur 
) Is 
en- 
ion 
it a 


om 
hat 
er- 
sat 
all 
er- 
nd 
auld 
as- 
ne 
ra- 


ith 
ice 
e- 
3a 
at 











MAY, 1947 


is killed and the substrate with its dead mycelia and 
active enzymes is dried at a low temperature. 

If a preparation of this sort should be made official in 
our Pharmacopoeia, there should be described a test for 
the enzymatic activity of the preparation. These en- 
zyme preparations are far from stable. Such a test 
could be made in various ways. I will only mention here 
that such a test has been formulated and that the Dan- 
ish Pharmacopoeial Commission is interested in the use 
of pectolytic enzymes for the preparation of official 
sucet. 
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@ EXPERIMENTS WITH ASH 


T xoven the extraction of potash from ashes is men- 
tioned in all textbooks, instructions for its preparation 
and use are not included in the laboratory manuals. 
In this laboratory it has been used for a series of student 
experiments in the same way as the preparation and 
refining of cane sugar [THIs JOURNAL, 22, 502 (1945) ] 
and might be of interest to other small laboratories. The 
experiment as such does not offer anything new or espe- 
cially interesting; however, it is believed that the use 
of local resources is something in which the future 
teacher at the high-school and college level as well as 
the chemist in smaller factories ought to be trained at 
the earliest possible moment lest he fail in his first 
professional work when the well-equipped university 


' laboratory is no longer at his disposal. 


Raw material for these experiments has been charcoal 
ash which was obtained in large quantities from rural 
households or tobacco ash of which a cigar smoker can 
easily collect several hundred grams in one semester. 

1. Estimate of potash content in the ash. A direct 
acidimetric determination of the potassium carbonate 
content of the ash is not feasible because the other car- 
bonates present react also; moreover, the unburned 
particles of carbon and other materials which are gray 
or black and insoluble in water and acids do not allow 
a satisfactory observation of the end point of the titra- 
tion. A good estimate of the potash content of the ash 
can be obtained as follows: Treat 0.1 to 0.2 g. of ash 
with 25 ml. of 0.1 N HCl, filter, and wash with distilled 
water until neutral to litmus. Titrate the united fil- 
trates and washings with A ml. of 0.1 N NaOH and 
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methyl orange. Add 30 ml. of 1.5 M ammonium oxa- 
late, boil for five minutes, and let stand overnight. 
Then, filter and wash. Dissolve the precipitate in 30 
ml. of 6 N sulfuric acid and titrate with B ml. of 0.1 N 
KMnQ,. (25 — A — B)0.00691 gives the grams of 
potash found if all solutions are exactly 0.1 N. On the 
average charcoal ash contained 19 per cent, and tobacco 
ash 30 per cent potassium carbonate. 

2. Preparation of potash. Extraction of the ash with 
cold water or in the Soxhlet apparatus gave poor re- 
sults. Boiling of 50 g. of ash with 250 ml. of water ex- 
tracted 60 per cent of the potash, a second extraction 
yielded another 28 per cent, and a third one an addi- 
tional 4 per cent, so that two or three extractions with 
250 ml. of boiling water each are recommended. The 
residue of the evaporation of these extracts should be 
dried at 110° to 120° for the determination of the yield. 

8. Soap from potash. The insolubility of potash in 
alcohol does not allow an alcoholic saponification as 
generally practiced in the student laboratory. The low 
pH of the watery solution of potash also makes its di- 
rect use time consuming and inadvisable. Good results 
are obtained by preparation of potassium hydroxide 
as follows: Dissolve 13 g. of potash in 100 ml. of water, 
add 6 g. of quick lime, heat to boiling, and filter. Mix 
the filtrate with 10 g. of coconut oil in an evaporating 
dish and evaporate with constant stirring to a small vol- 
ume of sticky mass, add 100 ml. of water, and repeat the 
evaporation. Pour the hot residue into 100 ml. of satu- 
rated salt solution and separate the soap cake from the 
solution on the next morning. 










AN OBJECTIVE METHOD OF 
EVALUATING STUDENT GRADES 


Meruons for the proper evaluation of students’ grades 
have always received serious consideration. In chem- 
istry this problem is a difficult one because so many di- 
verse phases of a student’s activities must be homogen- 
ized into a single mark. An example of a common dif- 
ficulty from the student viewpoint is to compare a 
grade of eight received on a recitation quiz with the 
same grade received on a laboratory report. Are these 
really equivalent in a final determination of the term 
grade? , 

As an aid in the objective evaluation of chemistry 
grades the author has found the following score sheets 
particularly suitable. The principal feature of this 
device is that every phase of the student’s activities is 


Brooklyn College Department of Chemistry 
GENERAL CHEMISTRY SCORE SHEET 


Name: Section: 


RECITATION: Ten weekly quizzes excluding the mid-term, 
final examination, or laboratory quiz will be given. Each quiz 
will be marked on the basis that a perfect paper is worth 3 credits. 


Quiz 1 Quiz 2 Quiz 3___._ Quiz 4 Quis 5 — 
Quiz 6 Quiz 7___ Quiz 8 Quiz 9. Quiz 10... 
LABORATORY: Laboratory reports are due one week after 


performance of the experiment. The highest possible grade on 
any report is 2. 





Report 4_— 
Report 8. 


Report 2... Report 3___ 
Report 5___ _- Report 6... Report 7_ 
Report 9... _-—«zReport 10____._ Report 11... Report 12___ 


Only the ten highest reports will be counted. Thus an ab- 
sence from the laboratory on one or two occasions will incur no 
severe penalty. 


SUMMARY: 


Report 1___ 


Weekly quizzes. Total for 

the term 30 
Laboratory Reports. Ten 

at 2 each 20 
Mid-term examination 

worth 10 
Laboratory quiz. Total 

value 5 
Laboratory technique. 

Total possible 5 
Instructor’s evaluation 

from oral responses 10 You got___ 
Final Examination 20 Estimated_— 


Total 100% 
GRADE: Add the partials as shown in the summary column. 


You can then estimate your grade on the following scale adopted 
by the college: 


You got___ 
You got___ 
You got___ 
You got___ 


You got___ 


90to 100 A 
80to 90 B 
70to 80 C 
60to 70 D 
below 60 is failing 
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marked on an absolute rather than on a relative basis. 
For example, at Brooklyn College the grade is deter- 
mined by the ‘following: recitation, 40 per cent; 
laboratory work, 30 per cent; mid-term examination, 
10 per cent; and the final examination, 20 per cent. 
To facilitate the proper awarding of credit for each 
part, the student is given a copy of the general chem- 
istry score sheet on which he keeps a progressive record 
of his scholastic rating. As can be seen from this sheet, 
on an absolute basis a weekly quiz is worth three cred- 
its, a laboratory report two credits, while the midterm 
is worth ten credits and the final examination twenty - 
credits. 

To avoid the criticism that this method of marking is 
too mechanical and does not provide for any instruc- 
tor’s estimate of a student’s abilities, provision is made 
for ten credits for oral responses and five credits for 


Brooklyn College Department of Chemistry 
QUALITATIVE ANALYSIS SCORE SHEET 


Name: Section: 


LABORATORY PORTION: In order to pass the course it is 
necessary to earn at least 24 of a possible 40 credits in this portion 
of the work. 


(a) Group 1 unknown. 
known receives 
(b) Group 2 unknown. 
known receives 
(c) Group 3 unknown. 
known receives 
(d) Group 4-5. A perfect unknown re- 
ceives 
(e) General unknown. A perfect unknown 
receives 10 
(f) Simple substances. 3 unknowns at 3 
each 9 you got. 
Note: In general 20% is deducted from the unknown mark for 
each metal incorrectly inserted or omitted. 


THEORETICAL PORTION: This portion, totalling 60 credits 
from which it is necessary to earn at least 36 credits to pass, is 
divided thus: 


(g) First examination. 
(h) Second examination. 
(i) Third examination. 
(j) Final examination. 
(estimated) 





A perfect un- 

you got___ 
A perfect un- 

you got___ 
A perfect un- 

you got___ 


you got___ 


you got___ 


you got___ 
you got___ 
you got___ 
you got___. 


Perfect score is 10 
Perfect score is 15 
Perfect score is 15 
Perfect score is 20 


Grand Total___— 


By college regulation your grade is governed by the per cent you 
earn according to the following schedule: 


90 to 100% A 
80to 90% B 
70 to 80% C 
60 to 70% D 
below 60% is failing 
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laboratory technique. It is not intended that these 
score sheets be adopted as presented for all courses or 
all instructors. The actual credits for the various 
activities can be varied to suit individual needs. 

In the analytical laboratory this device finds use. 
Rarely are the unknowns given to the student of the 
same degree of difficulty, so that a final laboratory grade 
obtained by averaging the various unknown marks is 
somewhat unbalanced. By this method each unknown 
is given credit value directly dependent upon the time 
involved and the degree of chemical difficulty. The final 
laboratory grade is obtained by adding the values to- 
gether. 
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There are other advantages to the use of score sheets. 
The student has a tangible record of what he has been 
doing. He realizes that laboratory work does not con- 
sist entirely of writing laboratory reports, and he appre- 
ciates the relative values of the components of the 
course and so can efficiently distribute his energies. 
From the instructor’s viewpoint it is an advantage for 
him to get a correct student grade by merely totalling 
the partials given during the term. It is not necessary 
to average each phase of the work and then average the 
diverse groups for a final mark. Both students and 
instructors have a clearer understanding on how the 
final mark will be determined. 


APPARATUS FOR DETERMINING 


BOILING POINTS 


Tue apparatus to be described facilitates the deter- 
mination of the normal boiling point of a sample of 
about one-third ml. of any liquid which does not attack 
mercury or glass, within the range 30 to 200°C. No 
calculated corrections for variation in atmospheric pres- 
sure or for emergent thermometric column are required, 
and, because the method is static, superheating does not 
occur. The procedure is very rapid, the apparatus is 
simple, easily cleaned and charged. The boiling points 
of mixtures which undergo change in composition on 
distillation are determined by this method as easily as 
are those of pure liquids or azeotropes. The accuracy 
of the apparatus as at present used is +0.1°C. 

The apparatus is shown in the figure. It consists of 
a glass U-tube of bore about 7-mm. diameter, having its 
longer limb about 150 mm. in length; the shorter limb 
is about 90 mm. long and can be closed by a ground 
glass plug P. The’ plug is surrounded by the mercury 
cup M. Both limbs are graduated in millimeters from 
a datum line near the bend. 

The plug P is removed and mercury is poured into 
the clean, dry tube. The tube is tilted from time to time 
during the pouring to prevent the adherence of air 
bubbles; any obstinate bubbles are removed by means 
of a glass rod. Mercury is added until it reaches half- 
way up the scale on the shorter limb when the limbs are 
vertical. 

A rubber tube is then attached to the longer limb, the 
other end of the tube being attached to a stopcock and 
pressure bulb. By operating the bulb and stopcock, the 
mercury is caused to rise in the shorter limb ‘until it 
reaches within about 2 mm. of the ground socket for the 
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plug. About one-third ml. of the liquid whose boiling 
point is to be determined is poured onto the mercury in 
the shorter limb. Any air bubbles adhering to the mer- 
cury or glass are removed with the aid of a pipet. The 
glass plug is placed in its socket, care being taken that 
no air isentrapped. The plug is secured by springs or a 
rubber band attached to horns on the plug and mercury 
cup. Mercury is then poured into the mercury cup to 
seal the plug, and the rubber tube is removed from the 
longer limb. 

The U-tube thus charged is clamped with its limbs 
vertical in a large beaker containing a transparent liquid 
of high boiling point, e. g., medicinal paraffin. Verti- 
cality of the limbs is ensured by lowering a smali plumb- 
line down the longer limb. A short-stem thermometer, 
calibrated for total immersion, is clamped so that its 
bulb is near the middle of the scale on the shorter limb 
and so that the graduation representing the expected 
boiling point of the sample is immersed in the bath 
liquid. 

The beaker is heated by standing it on an asbestos 
mat having a central hole through which a flame plays 
directly on the bottom of the beaker. The bath liquid 
is continually stirred by mechanically or manually rais- 
ing and lowering a large annular metal stirrer (S in the 
figure). 

The barometric height is read and corrected to an 
equivalent column of ice-cold mercury at sea-level at 
latitude 45° in the usual way.' Let this corrected pres- 
sure be H mm. of Hg. The positions of the mercury 
menisci in the two limbs are read; it does not matter 
whether vaporization has yet commenced. Let these 
readings be a and b mm. respectively, the lowest gradua- 
tion of each scale being taken as 0. 

When the temperature of the bath approaches the 
expected boiling point of the sample, the flame is ad- 
justed so that the temperature of the bath rises not 
more than 0.5° per minute. When the boiling point is 
approached, the sample begins to vaporize and the 
mercury below it is depressed, thus causing the mercury 
to rise in the longer limb. The thermometer is read at 
the instant that the mercury in the longer limb reaches 
the graduation given by the expression 1/2 (H + a+ 
b — 760) mm., for then the difference in mercury levels 


(1 + Bt) 980.63 
where B is the barometric reading in mm., a and £ are the coef- 
ficients of linear expansion of the scale and cubical expansion of 
mercury respectively, and g is the acceleration due to gravity at 
the place where the barometer is located, and ¢ is the air tempera- 
ture. 





x 





1¢, g., by applying the formula H 
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is such as will compensate for the variation of H from 
760 mm., and the vapor pressure of the sample is then 
760 mm. 

The flame is then moved slightly so that it does not 
strike directly through the hole in the asbestos mat, and 
the bath temperature therefore slowly falls. The rate 
of cooling can easily be adjusted to less than 0.5° per 
minute. Condensation slowly occurs in the shorter limb 
and the mercury rises therein. When the mercury in 
the longer limb again stands at '/. (H + a+ 6 — 760) 
mm. the thermometer is again read. The bath tempera- 
ture is caused to rise and fall until consecutive boiling 
points differ by less than 0.1°. 

It is found that the depth of the liquid layer of sample 
at the time of reading the boiling point is about 3 mm. 
and that the height of the column of vapor above it is 
about 40 mm. Hence the volume of vapor is about 13 
times that of the liquid. The mass of this vapor is a 
small fraction of the mass of the liquid; for water it is of 
the order of one per cent. Therefore, if the sample 
undergoes change in composition on distillation, the 
change in composition produced by the formation of 
the relatively small mass of vapor is generally negligible. 
This change can be reduced still further by enclosing 
larger samples of liquid between the mercury and the 
plug. 

It must be pointed out that the apparatus determines 
the temperature at which the total vapor pressure of 
the actual liquid sample reaches 760 mm., 7. ¢., the true 
boiling point of the sample. Hence if the sample con- 
tains dissolved air, moisture, or other impurities, the 
boiling point found will differ from the condensation 
temperature determined by the usual distillation 
method, for the latter is really the boiling point of the 
boiled-out and partly fractionated sample. Thus the 
present method is particularly suited to determining 
the boiling points of solutions and also to investigating 
the purity of a sample as received. 

The present arrangement is found to be much easier 
to manipulate than the somewhat similar apparatus 
described by Jones,? Schleiermacher,*® and Pregl.‘ In 
these latter methods the sample is subjected to partial 
evaporation during the process of charging the tube, 
but the indefinite change in composition thereby pro- 
duced in liquid mixtures is avoided in the present ap- 
paratus. 





2 Jongs, C., J. Chem. Soc., 33, 175 (1878). 

3 ScHLEIERMACHER, A., Ber. dtsch. chem. Ges., 24, 944 (1891). 

4Preci, F., “Quantitative Organic Microanalysis,” J. A. 
Churchill, Ltd., London, 1937, p. 225. 











FERROUS ETHYLENEDIAMINE SULFATE 
AS AN OXIDIMETRIC STANDARD 


Severat double sulfates containing ferrous sulfate 
have been proposed for use as oxidimetric standards. 
Ferrous ammonium sulfate, recommended by Mohr (3) 
in 1870, has been widely used. Graeger (1) recom- 
mended sodium ferrous sulfate and also zinc ferrous sul- 
fate if properly prepared. None of these compounds is 
entirely satisfactory because of difficulty in preparation 
of the pure salt or because of instability under ordinary 
laboratory conditions. 

This paper describes the preparation of ferrous eth- 
ylenediamine sulfate, (CH:NH3;)2SO,-FeSO,-4H20, and 
its use as an oxidimetric standard. This compound, 
prepared from ethylenediamine and ferrous sulfate, has 
the advantages that it is easily prepared in adequate 
purity and that it is stable under ordinary laboratory 
conditions. It may be employed as an oxidimetric 
standard in direct titrations. 


MATERIALS AND SOLUTIONS 


Diphenylamine indicator, 1 per cent solution in con- 
centrated sulfuric acid. 

Erioglaucine A indicator, 1 per cent aqueous solution. 

Ferroin indicator, 0.025 molar solution. 

Ethylenediamine, 98 per cent solution. 

“C. P.” ferrous sulfate (FeSO.-7H2O) dissolved in 
0.5 N sulfuric acid and precipitated with ethyl alcohol. 
Filtered and washed with alcohol and ether and then air 
dried until no ether odor remains. 

Ceric sulfate solution, prepared by dissolving the salt, 
Ce(SOx)2, in 1 N sulfuric acid and standardized against 
Bureau of Standards’ sodium oxalate using ferroin indi- 
cator. 

Standard potassium dichromate solutions, prepared 
by direct weighing. 

Potassium permanganate solutions, filtered through 
asbestos and standardized against sodium oxalate two 
days before use. 

Sodium thiosulfate solution standardized against 
potassium dichromate, using starch indicator. 


PROCEDURE 


Preparation of Ferrous Ethylenediamine Sulfate: The 
method of preparation is essentially that described by 
Grossman and Schuck (2). Add 60 ml. of 6 N sulfuric 
acid to 10 grams of 98 per cent ethylenediamine solution. 
Dissolve 46.3 grams ferrous sulfate in the acidified solu- 
tion and add water to bring volume to 300 ml. To this 
solution add 300 ml. of ethyl alcohol. Filter on a 
Biichner funnel and wash with 50 per cent alcohol. 
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Redissolve the precipitate in slightly acidulated water 
and add alcohol to obtain a 3:2 solution-alcohol ratio. 
Filter on a Biichner funnel, wash with 65 per cent alco- 
hol and 95 per cent alcohol. Dry in oven overnight at 
50°C. A yield of 53.5 grams or 84 per cent was obtained. 
The resultant preparation was found to contain: Fe, 
14.66 per cent; SOu., 50.22 per cent; N, 7.31 per cent. 
Calculated: Fe, 14.62 per cent; SQ,, 50.28 per cent; 
N, 7.33 per cent. Results given are an average of four 
closely agreeing determinations of each component. 

Method of Standardization Employing Ferrous Ethyl- 
ene-Diamine Sulfate: For the standardization of 0.05 N 
oxidizing solutions, dissolve approximately 0.4 gram 
sample of ferrous ethylenediamine sulfate in 150 ml. of 
water and 10 ml. (1:1) sulfuric acid. For potassium di- 
chromate, add an additional 5 ml. of (1:1) phosphoric 
acid. Titrate with the oxidant using the proper indi- 
cator: 

Ceric sulfate, erioglaucine A or ferroin. 

Potassium dichromate, diphenylamine or diphenyl- 

amine sulfonic acid. 
Potassium permanganate, no indicator. 


EXPERIMENTAL 


The merit of the ferrous ethylenediamine sulfate 
(FES) as an oxidimetric standard was determined by 
using it to standardize solutions of ceric sulfate, potas- 
sium dichromate, and potassium permanganate. These 
solutions were also standardized by the usual methods 
described under Materials and Solutions. The results 
are shown in Table 1. 

As a further check, a solution of ceric sulfate was 
standardized by three methods: by direct titration 





TABLE 1 
Normalities of Oxidizing Solutions 


Standard 
method 


0.025 





Agatnst 
FES 





0.0249 
0.0249 
0.199 

0.200 

0.0218 
0.0218 
0.2477 
0.2478 
0.0600 
0.0600 


0.0979 
0.0979 


Potassium dichromate 


0.200 


Potassium permanganate 


Ceric sulfate 





235 

















236 
TABLE 2 
Standardization ef Ceric Sulfate Selution 
Standard Normality 
Sodium oxalate 0.0499 
0.0499 
0.0499 
Potassium dichromate (through Na,S.0;) 0.0500 
0.0499 
0.0500 
Ferrous ethylene-diamine sulfate 0.0499 
0.0500 
0.0500 





against Bureau of Standards’ sodium oxalate, against 
potassium dichromate through sodium thiosulfate solu- 
tion, and against ferrous ethylenediamine sulfate. The 
results are shown in Table 2. 


DISCUSSION 


Ferrous ethylenediamine sulfate, when prepared by 
the method described, is a fine-grained, crystalline com- 
pound. It is easy to prepare, purify, and dry. The 
data in Tables 1 and 2 indicate that it reacts stoichio- 
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metrically with standard solutions of three powerful 
oxidizing agents commonly employed in oxidimetric 
titrations. The compound shows no apparent tendency 
to undergo oxidation, deliquescence, or efflorescence. 
A sample left loosely covered in the laboratory air for 
149 days showed no change in composition and no posi- 
tive test for ferric iron with potassium thiocyanate. 
The material is easy to preserve in the pure state and as 
a reductant has a high equivalent weight (382). 

It may be concluded that ferrous ethylenediamine 
sulfate is an acceptable standard since the foregoing 
findings show that this compound meets the require- 
ments of a good primary standard as specified by many 
authorities. 
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e@ SOLUBILITY PRODUCT AND THE 
SILVER-AMMONIA HALIDES 


An unverstanvine of equilibrium considerations, in- 
volving application of the mass law to various phenom- 
ena, such as ionization of weak electrolytes, common-ion 
effect, and solubility product principle, is of very great 
importance to the student of chemistry. Of the three 
phenomena to which reference has just been made, the 
interpretation of the solubility product principle, par- 
ticularly with regard to solubility relations for the in- 
soluble silver halides and aqueous ammonia, is some- 
times a difficulty for the student. During the past sev- 
eral years only a few papers (1, 2, 3) appearing in jour- 
nals have been concerned with an introductory treat- 
ment of the principle of solubility product. Among such 
papers, Mortimer and Joster offer, respectively, a 
geometric method and a method making use of the old 
lever principle. A general and more advanced discus- 
sion of the theory of the solubility product based on 
thermodynamics is given by Denbigh (4). The present 
paper suggests a simple approach to the problem with a 
view toward at least minimizing the difficulty for the 
specific case of the insoluble silver halides and aqueous 
ammonia. 

For the insoluble silver halides, the following are the 
usual generalized equilibrium equations: 


AgX(s) = Agt + X- 
Kagx = CagtCx- 
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The solubility product constants are 1.2 x 10" (for 
AgCl), 3.5 X 10-18 (for AgBr), and 1.7 X 10~** (for 
AglI). According to the solubility product principle, the 
following cases are possible: 


Case I: Cag+:Cx- > Kagx. A precipitate results. 
The initial ion concentrations at the moment of mixing 
may be identical in value or they may be different in 
value, and it is only necessary that their product be 
greater than the solubility product constant for the sub- 
stance. If precipitation is complete and the reagent ion 
is not in excess, the solution in contact with AgX is 
saturated with respect to AgX. 


Case II: Cyag+-Cx- = Kagx. No precipitation 
takes place. The ion concentrations may be identical 
in value or they may be different in value at the moment 
of mixing. If the concentrations are identical, the 
solution is saturated with respect to AgX. Of course, 
addition of either ion as reagent to such a solution 
causes precipitation because Case I then exists. 


CaseIIIT: Cag++Cx- < Kagx. No precipitation takes 
place. At the moment of mixing, ion concentrations 
may be identical in value or they may be different in 
value. The solution is unsaturated with respect to AgX. 
In this case, addition of either ion as reagent to the 
solution will bring about Case II or Case I, according to 
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whether the product of the ion concentrations becomes 
equal to or greater than Kagx. : 

In the presence of aqueous ammonia, silver ions will 
unite with neutral ammonia molecules to form the com- 
plex ion, Ag(NHs3)2+. The complex ion dissociates in 
the following manner, 

Ag(NH;)2+ = Agt + 2NH; 
__ Cagt + Cn 
Cag(nBy)2+ 

for which the instability constant, K, ‘according to the 
classical data! of Bodlander, has the value 6.8 X 10-8. 
In the absence of interfering ions or molecules, as- 
sume a solution in which the concentrations of the com- 
plex ion and the ammonia are definitely and respectively 
0.05 M and 15M. 














K 5 X 107? X 6.8 X 1078 
Cagt 7 Cagnaast Ga = (15)? = 
1.5 X 107" 
TABLE 1 
Molarity Values for Saturated Solutions of the Sodium 
; Halides 
Solubility at 25°C.* Approx. 
(g. salt/100 g. molarity 
Salt satd. soln.) (caled.) 
NaCl 26.47 6.23 
NaBr-2H.0 48.6 6.85 
, Nal-2H.O 64.75 9.93 


* The solubilities at 25°C. are taken from SEIDELL and ATHER- 
TON, ‘‘Solubilities of Inorganic and Metal Organic Compounds,”’ 
3rd ed., D. Van Nostrand Company, Inc., New York, Vol. I, 1940. 





Now, consider a hypothetical experiment: If a solu- 
tion saturated with NaCl at 25°C. (the solution is 
6.23 M according to Table 1) were made 0.05 M with 
respect to the silver-ammonia complex and 15 M with 
respect to the NHs, would silver chloride precipitate? 

It is well to emphasize here that equilibria involving 
both the complex ion and the insoluble halide must be 
considered. A previous calculation reveals the concen- 
tration of silver ion in the presence of our 15 M am- 
monia to be 1.5 X 10~14. Assuming the effective con- 
centration of chloride ion to be the same as the molarity 
of the salt, then 


Cagt:Ca- = 1.5 X 107" X 6.23 = 9.385 X 107" 


which is slightly smaller than Kagq; nevertheless, 
AgCl is not precipitated even though saturated sodium 
chloride was specified! 

Similarly, for a case involving saturated NaBr or 
Nal, 


Cagt*Car- = 1.5 X 107" X 6.85 = 1.09 X 10-” 
Cagt*Cr- 1.5 X 10-" X 9.93 = 1.49 x 10-” 
1 A more recent value calculated from solubility data, 6.05 x 


10-*+0.07 X 10-* is reported by P. F. Derr, R. M. Stockdale, 
and W. C. Vosburgh, J. Am. Chem. Soc., 63, 2670 (1941). 
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A precipitate forms in either of the two cases involved. 

Further calculations would show that in solutions 
0.05 M with respect to the complex ion and for any con- 
centration of ammonia less than approximately 13 M, 
silver chloride will precipitate and so will the other two 
silver halides. Here, decrease in Cyy, results in an in- 
crease in Ca,+ through ionization of the silver-am- 
monia complex ion. The silver ion concentration will, 
for any ammonia concentration 13 M and smaller, be 
great enough so that its product with that of the halide 
ion concentration always exceeds Ka,gx, the solubility 
product constant for the silver halide. 

Two facts are evident also from the foregoing dis- 
cussion, 7. e., either (1) increasing Cq- to values ex- 
ceeding the numerical value of eight (perhaps through 
addition of NH,Cl) or (2) increasing C4,+ by actual 
addition of AgNO; would bring about precipitation of 
AgCl even in the presence of 15 M ammonia and 0.06 M 
Ag (N. H, set! 

Another approach to the problem of solubility con- 
siderations is that of calculating the maximum quantity 
of halide ion that remains unprecipitated, 7. e., in solu- 
tion, in the presence of 15 M ammonia and where the 
concentration of the complex ion is 0.05 M. Accord- 
ingly, for chloride, 


In like manner, Cp,- = 2.383 X 10-? M and C;- = 1.13 
xX 10-° M. One observes indirectly from these values 
that for the conditions specified, AgCl is extremely 
soluble, AgBr moderately soluble, and AgI practically 
insoluble. Ammonia concentrations of lower values 
would decrease the solubility of each of the silver 
halides. 

For greater simplicity no consideration has been 
made either of the solubility of the silver halides in the 
corresponding sodium halides or of the common-ion 
effect existing in each instance. The effects of the two 
factors are, however, opposite in character, 7. e., solu- 
bility increase of the silver halides from the former 
factor versus decrease in solubility of the silver halides in 
water from the latter factor. Also, mention has not 
been made of the concepts of activity and of ionic 
strength. It is the writer’s belief that comprehension of 
such factors and concepts, when included in subsequent 
courses, is probably easiest for the student if the in- 
structor’s introductory approach has been of a nature 
such as that employed here. 
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Wise men are instructed by reason; men of less understanding, by experience; the 
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BANDING OF BASIC MERCURIC CHLORIDE 
IN SILICA GEL 


R. I. RUSH, J. H. WALKUP, 
FRANCES C. JOHNSON, and ANN QUAST 


Centre College of Kentucky, Danville, Kentucky 


Senior Authors’ Note: The investigation reported in this article was carried out by 
students as part of a course called “Special Studies’’ which is offered to the better seniors 
in the department of chemistry at Centre College. The purpose of the course is to im- 
prove students’ skill in the use of the literature of chemistry and to enable them to ac- 
quire some knowledge of the methods and techniques of research. At the beginning 
the use of chemical literature is discussed. Following this an outline of the methods of 
attacking problems is given. Then each student selects a problem for investigation. 
Conferences are held from time to time, and at the conclusion of the course each student 
turns in a written report of what he (or she) has done and what has been accomplished. 
In case this is not sufficient to warrant publication another student continues the work. 
The course is interesting to the students and we believe the benefits they derive are very 
valuable to them. 


Ir was been known for many years that rhythmic 
bands of basic mercuric chloride are formed when a 
solution of mercuric chloride diffuses into a slightly basic 
silicic acid gel. In 1918 Holmes! reported the forma- 
tion of such bands in a gel made from equal volumes of 
water glass, density 1.06, and 0.5 N acetic acid. He 
further observed that when the gel contained a greater 
excess of base, the separate crystals were smaller and 
the bands were more compact. This seemed to indi- 
cate to the senior authors of this article that there might 
be a definite pH range within which the bands would 
form. A search of the literature failed to show that 
any such range had been reported. 

Some few years ago Stanley P. Stephenson, Jr.,? did 
some work on the problem in this laboratory. Using 
a Beckmann pH meter with a glass electrode, he meas- 


1 Hotmes, H. N., J. Am. Chem. Soc., 40, 1190-1 (1918). 
2 Unpublished work, 1941. 





Effect of pH on Banding of Basic Mercuric Chloride in 
Silicic Acid Gel Made with Acetic Acid 


ured the pH of the gel before the mercuric chloride 
solution was added. His work indicated that there is a 
definite pH range within which bands would form, but 
the method of measuring the pH of the gel was not 
very satisfactory. With the appearance of ‘“‘Accutint 
pH Test Paper’’® on the market it seemed likely that 
this would offer a means of measuring the pH of the 
gel mixtures before they set and that more satisfactory 
results might be obtained. Consequently, the present 
investigation was undertaken to determine if such a 
pH range existed. “KE” Brand Silicate of Soda‘ after 
being diluted with distilled water to a density of 1.06 
was used throughout the work. 

Figure 1 is a photograph‘ of typical examples taken 

3 Manufactured by Anachemia, Ltd., Montreal, Canada. 

4 Supplied through the courtesy of the Philadelphia Quartz 
Company. 

5 Photographs in Figures 1 and 2 were made through the cour- 
tesy of Dr. E. W. Cook, Centre College. 





Figure 2. Effect of pH on Banding of Basic Mercuric Chloride in 
Silicic Acid Gel Made with Nitric Acid 
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from one series of experiments in which varying propor- 
tions of the silicate of soda and acetic acid were used. 
No bands were formed below a pH of 7.0. As can be 
seen from the photograph, the number of bands formed 
increases from pH 7.0 to pH 9.0, the most distinct and 
clear-cut bands being formed at pH 8.8 and pH 9.0. 
Some bands were also formed at pH 9.2. At pH’s 
10.0, 10.7, and 11.5 no banding of the dark precipitate 
occurred at first, but at the top there were some very 
close bands of a fine, light yellow precipitate. How- 
ever, on standing for about six months, this light yellow 
precipitate at apH of 10.0changed to a light reddish color 
and showed no banding. The dark precipitate just 
below it now showed a few close bands. At pH’s-9.2, 


9.0, and 8.8 there appeared diminishing amounts 
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of the light reddish precipitate at the top. However, 
at pH’s 10.7 and 11.5 the light yellow precipitate at the 
top changed to a light gray with no banding, but the 
dark precipitate just below it showed some close band- 
ing. A further investigation of these changes is being 
carried out. The photograph also shows that the depth 
of the precipitate decreases as the pH increases. 

In another series of experiments nitric acid was used 
in place of acetic acid. Figure 2 is a photograph of 
typical examples taken from this series. As can be 
seen, the results are very similar to those obtained with 
acetic acid. About the only difference to be noted is 
that at pH 7.0 a somewhat greater amount of precipi- 
tate was formed when nitric acid was used instead of 
acetic acid. 


What's Seen Going On 


CAMPHOR, according to scientists at the University of Man- 
chester, may serve to increase the production of penicillin. 

Litmocidin, which turns red in acid and blue in alkaline solu- 
tion, is a new antibiotic which has been isolated from the soil of 
southern Russia. 

The first shipments of radioactive C™, a by-product of the 
atomic bomb, have been made to different laboratories for peace- 
time research in medicine and photosynthesis. 

Many soils in the United States, according to Bear, Prince, and 
Kass of N.J.A.E.S., are deficient in magnesium. 

An excellent solder, which retains its high strength up to 850 °F. 
and melts at 1790°F., is made of 85 per cent commercially pure 
silver and 15 per cent magnesium. 

Rattlesnakes are not affected by poison gases. 

Fungi do not grow on such synthetic plastics as phthalate, 
vinyl resin, phosphate plasticizers, and inorganic components. 

The extraction of wax from peat was a wartime development in 
England. 

Toluene, according to U. S. Patent 2,404,498 by V. N. Ipatieff 
and G. S. Monroe and assigned to U.O.P., is produced by the con- 
densation of benzene and methane. : 

Serious consideration is being given to the use of fiberglass in 
the production of fabrics for people who have protein sensitivities. 

A trace of lead in zine sulfide (a phosphorescent chemical) 
makes infrared rays visible. 

Steel may be nickel-plated now by the chemical reduction of a 
solution of a nickel salt with hypophosphites. 

DPE, which is DDT minus some of its chlorine, kills mosquito 
larvae without harming fish, according to W. T. Sumerford and 
E. P. Odum of the University of Georgia. 

Shrinkproofing of spun rayon is now effected by a special 
treatment with glyoxal. 

Carbon-14, according to L. D. Norris, A. H. Snell, E. P. Mein- 
ers, Jr., and L. Slotin of the Clinton Laboratories, is obtained 
from nitrogen in ammonium nitrate by the loss of a proton and 
the gain of a neutron. 

An improved magnetic lens, developed by R. C. A., permits 
magnification up to 200,000 diameters by use of the electron mi- 
croscope. 

Concrete floors, according to F. O. Anderegg, can be made 
springy or resilient by the addition of asphalt to the cement mix. 

Sodium fluoroacetate, developed by the research laboratories 
of the Fish and Wildlife Service at Bowie, Maryland, is a super 
rat poison, which is expected to be available for civilian use under 
restrictions that will guarantee its safe use. 


Carbon-13, according to plans, will be available in quantities of 
about 500 grams per month at a cost of about $40.00 per gram. 

The demand for dyes is reported to be at an all-time peak. 

Parke Davis and Company have announced the isolation of 
crystals of an antianemia vitamin known as vitamin B, conjugate. 

The Army Signal Corps is developing a sensory aid device, of 
the photo-eye type, to supplant the blind man’s white cane and 
seeing-eye dog. 

Crown gall in cactus, known as plant cancer, has been treated 
successfully by hypodermic injections of penicillin, according to 
J. G. Brown at the University of Tucson. 

By first making a colloid dispersion of alumina, using weak 
acetic acid and then adding a compound known as urotropin or 
formin, a gel is formed that is an excellent absorbent of poison 
gases. 

PAPP, p-aminopropiophenone, according to the Chemical 
Warfare Service, is an effective prophylactic agent against cyan- 
ide. 

Explosive Plastic: A new explosive plastic resin contains 
TNT, formaldehyde, and ammonia or any one of a number of 
more complex organic compounds related to ammonia, known 
collectively as amides. It can be molded into any shape desired, 
and it comes out with a smooth, hard finish. 

Studies by J. M. Van Lanen, F. W. Tanner, Jr., and Shirley E. 
Pfeiffer of the U.S.D.A. indicate that corn tassels, taken just be- 
fore pollen begins to shed, contain twice theyprotein, 12 times the 
vitamin A, eight times the vitamin B., twice the vitamin B,, 
three times the niacin, and three times the pantothenic acid po- 
tency of corn kernels. 

Formaldehyde may be used to control corrosion of petroleum 
well casings. 

The cyclopentenylamines are reported to have insecticidal 
properties. 

An improved process of making citric acid, mainly by mold fer- 
mentation, is the subject of patent 2,400,143, issued to Prof. 
Selman Waksman of Rutgers University, assigner to Merck & 
Company. A different species of the Aspergillus mold is used 
from that commonly employed, and the sugar solution on which 
it feeds is conditioned with salts of iron and zine. In this way, 
practically pure citric acid is obtained. 

Ethy] oxalate is reported to minimize metal bearing corrosion. 

Arofene 775 is an oil-soluble, 100 per cent phenolic resin, which 
can be used with all the usual varnish oils and insures excellent 
chemical resistance and durability. 
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Aluminum powder in priming coats of paint improves the fire 
retardant properties of the paint. 

Styon, a submicroscopic silica colloid, may be applied to cotton 
during milling to increase its tensile strength as much as 40 per 
cent. 

To record high temperatures, a new type of thermometer is 
designed to change color every 25 degrees from 500°C. to 900°C. 
Made of a special alloy, it is said to be particulaly useful in gas 
turbines and similar equipment. 

The flavoring components for berry-type flavors are believed 
to be the cyclocitrylidene ketones. 

Tantalum, which is used (1) in filaments for radar tubes, (2) 
as a coating for plates and grids in some forty types of tubes, and 
(3) in neurological surgery, is obtained from tantalite, of which 
half of the visible supply is in northeastern Brazil. About 3000 
pounds of ore are required to produce one pound of tantalum. 
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The U.S. V-2 rocket requires about nine tons of fuel to travel 
230 miles. 

One ounce of crystalline botulinus toxin, according to biological 
experiments at Camp Detrick, Maryland, could kill 200,000,000 
men. 

The average American in prewar days used 367 gallons of pe- 
troleum products as compared to 31 gallons by the average 
European. 

Popcorn bread, containing 25 per cent popcorn flour, is now on 
the market. 

The Wisconsin Alumni Research Foundation, Madison, Wiscon- 
sin, announces that the nation’s penicillin supply may be doubled 
as a result of ultraviolet treatment of the spores of the mold that 
produces the powerful antigerm remedy. 


—Eb. F. DEGERING 


REACTIONS OF MAGNESIUM AND ALUMINUM WITH IODINE 
AND WITH CONCENTRATED SULFURIC ACID 


A srrip of magnesium and a strip of aluminum were 
sealed within two Pyrex ampules with equivalent 
amounts of iodine. They were heated to 200°C. The 
aluminum reacted easily to give aluminum iodide which 
melts at 170°C. The magnesium showed no apprecia- 
ble reaction, even at temperatures up to 600°C. Pre- 
sumably it is passivated or protected by an imperme- 
able film of magnesium iodide against progressive 
attack, just as magnesium and aluminum are protected 
by films of oxide against progressive oxidation in dry 
and acid-free air. 

A strip of magnesium and a strip of aluminum were 
dropped into test tubes containing 98 per cent sulfuric 
acid and were sealed with close-fitting caps of aluminum 
foil to exclude moisture. They were let stand at room 
temperature for observation. The aluminum sank; 
the magnesium floated in the acid. At first there was 
an effervescence of fine bubbles with magnesium, and 
no visible action with aluminum. After three days the 
reaction with magnesium had ceased, and there was no 
further visible change in three months. The metal 
appeared to be lightly coated, and there was a slight 
deposit upon the glass, seemingly microcrystalline. 
From the aluminum there was a slight gaseous evolu- 
tion, and a yellowish white flocculent precipitate soon 
formed. The acid was poured into cold water. The 
precipitate did not go completely into solution, showing 
that it was not wholly aluminum sulfate. The insoluble 
portion was filtered out and found by tests to be ele- 
mental sulfur. Another experiment with aluminum 
was continued for three months. The reaction ceased 
after the metal had acquired a heavy deposit of alumi- 
num sulfate and a little sulfur. There was also a slight 
odor of sulfur dioxide. 

These experiments show magnesium to be protected 
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almost completely against iodine and sulfuric acid, 
and aluminum to be consumed by iodine and partially 
protected in sulfuric acid. The difference lies in the 
nature of the reaction products and in their adherence 
to the metallic surface under the given conditions. 
Aluminum iodide is a liquid at the temperature of the 
experiment, while magnesium iodide is a solid. In 
sulfuric acid, magnesium sulfate films seem to be more 
coherent than the initial deposits of sulfur and alumi- 
num sulfate on aluminum. Magnesium is, however, 
consumed by iodine in a solvent which can dissolve the 
film of magnesium iodide. Thus, in alcohol or ether, 
magnesium can be converted to the iodide, as is quite 
well known.? 

A recent paper by Heinemann, Garrison, and Haber 
states that iron in gaseous chlorine below 251°C. is 
protected by the chloride, but is corroded rapidly at 
higher temperatures because the chloride vaporizes 
more rapidly than it forms a protective film.? 





1 The following references to these reactions are found in J. W. 
Mellor’s ‘(Comprehensive Treatise on Inorganic and Theoretical 
Chemistry.” 

Vol. V, p. 211: A. Ditte and F. Winteler mention the separa- 
tion of sulfur during the action of conc. sulfuric acid on aluminum 
but W. Smith detected no such formation of sulfur. 

Vol. IV, p. 267: R. Bunsen said that magnesium burns vigor- 
ously when heated in iodine vapor, and T. L. Phipson distilled 
iodine from magnesium without appreciable action. F. J. Fak- 
tor stated that a solution of iodine turns magnesium green, and 
a film of the iodide is formed, and J. A. Wanklyn and E. T. 
Chapman, that an etheral or alcoholic solution of iodine acts very 
slowly on magnesium when warmed. 

R. Bunsen stated that magnesium dissolves with difficulty in 
cone. sulfuric acid, and J. von Liebig observed the development of 
sulfur dioxide, and A. Ditte, hydrogen sulfide and sulfur. 

2? HeIneMAN, G., F. G. Garrison, AND P. A. Haser, /nd. 
Eng. Chem., 38, 496-9 (1946). 





SEMIMICRO METHODS 
FOR QUANTITATIVE ANALYSIS 


Iris generally agreed that the teaching of qualitative 
analysis by semimicro methods offers important ad- 
vantages. The success of the semimicro methods in 
qualitative has led the authors of this paper to investi- 
gate the feasibility of teaching the beginning course in 
quantitative analysis by semimicro methods. This 
paper is a report of the results obtained by using semi- 
micro methods for carrying out four determinations 
usually done by the beginning student in quantitative 
analysis. 


APPARATUS 


Balance: The balance was the ordinary type used by 
the students of quantitative analysis. It had been pur- 
chased in 1943 for $95 for use in the student balance 
room. The balance was cleaned and a two-power lens 
was attached to the bottom of the front window to aid 
in reading the pointer scale. The sensitivity of this 


balance was about 0.03 mg. The theoretical justifica- 
tion for the use of an ordinary analytical balance for 
semimicroanalysis is given in a paper by Benedetti- 


Pichler (1). 

The weights used were the following fractionals: 
one 100-mg., one 50-mg., one 20-mg., two 10-mg., and 
one 5-mg. These were calibrated by assuming that 
when the 5-mg. rider was placed on the “five” division 
of the rider scale, the mass represented was exactly 
five mg. 

By the use of counter- 
poises no weights other than 
the few listed above were 
needed. To obviate buoy- 
ancy corrections, the coun- 
terpoise and the vessel to 
be weighed were of the same 
material. 

A convenient weighing 
tube was made by cutting 
off the bottom of a 3-ml. 
centrifuge cone. The weigh- 
ing tube was placed on the 
left-hand pan of the balance, 
the glass counterpoise was 
placed on the right-hand 
pan, and the approximate 
weight of the desired sample 
was introduced into the 
weighing tube by means of 
the spatula. The exact 
weight was found by the 
method of short swings. 
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Burets: The burets used were the type described by 
Benedetti-Pichler (2). Figure 1 is a photograph of the 
pair of burets which were constructed to his specifica- 
tions. The calibrations and the methods for using the 
burets are described in the reference cited. Although it 
would seem at first thought that these home-made 
burets would not be of sufficient accuracy, we were well 
pleased with the precision which was possible (one part 
in 1000 parts) as well as with the simplicity of operation 
and the economy of construction. 


DETERMINATION OF CHLORIDE IN A SOLUBLE 
CHLORIDE 


Procedure: Three 15-ml. Erlenmeyer flasks and three 
Emich filter sticks were cleaned with distilled water. 
The sticks were prepared with a small pack of asbestos 
in the head. The flasks and sticks were dried for two 
hours in the oven at 105°C. 

A flask with its filter stick was placed on the left- 
hand pan of the balance. A counterpoise, made by 
adding short lengths of glass rodding to a 3-ml. test 
tube, was placed on the right-hand pan. A 50-mg. 
sample was weighed into the flask and dissolved in 8 ml. 
of water. While the solution was swirled in the flask, 
0.5 N AgNOs was added dropwise until precipitation 
was complete. The precipitate was digested at 100°C. 
for 15 minutes and then set aside in the dark for two 
hours. The supernatant liquid was drawn off through 


Burets for the Volumetric Determinations 





242 


the filter stick and the precipitate remaining in the 
flask washed with ten one-ml. portions of 0.01 VN HNO. 
The outside of the flask was then cleaned by dipping it 
into a boiling alkaline detergent and rinsing clean with 
distilled water. The flask and stick with the precipi- 
“tate were dried at 105°C. for two hours before the final 
weighing. 

Results: Three soluble chloride samples were ana- 
lyzed. Table 1 shows the results obtained. The 
BaCl,-2H2O0 was not dried before weighing. All salts 
were reagent grade. 





TABLE 1 


Precision and Accuracy of the Semimicro Procedure for 
Chloride 





Relative mean 
deviation 
of the 
three runs 
on a sample 
chloride in parts in parts 
found in 1000 in 1000 


60.68 ae 1 
47.62 1 1 
29.07 1 2 


Relative mean 


Per cent Per cent error 


chloride 
present 


Ni 60.65 
KCl 47.61 
BaClh.-2H,O 29.03 


Sample 








As an illustration of the calculations in the above 
table: 


49.88 mg. of BaCl,-2H.O yielded 58.75 mg. of AgCl. There- 
fore, 
58.75 35.46 _ 
49.88 “* 143.34 — 
Two other runs on this sample gave 29.05 per cent and 29.00 
per cent. 


Per cent Cl = 29.15 


29.15 
29.05 


+0.08 
—0.02 
29 .00 —0.07 


29.07 +0.06 


The relative mean deviation for the three runs is seen to be 
about 2°/o. Since the true chloride content for BaCl,-2H.0O is 
29.03 per cent, the relative mean error of the determination was 
about 1 °/o0. 


SODA ASH DETERMINATION 


Approximately 0.07 N HCl was standardized against 


pure sodium carbonate. The standard HCl was then 
used to titrate the unknown soda ash sample to the 
methyl] orange end point. 

Procedure: A 100-mg. sample of pure sodium carbon- 
ate was diluted to the exact volume of 25 ml. in a 
volumetric flask. One of the burets was filled with this 
solution, while the other buret was filled with the 
HCl to be standardized. A 3-ml. test tube was used for 
a titration vessel. A micro stirring rod is needed to 
stir the solution in the test tube and also to draw off 
very small increments of the solutions from the tips of 
the burets. 

Two drops of 0.008 per cent methyl orange and 1.5 
ml. of water were added to the test tube. About 15 
CM units of Na,CO; solution were drawn out of the 
buret and titrated the end point with HCl. (The CM 
unit referred to is the unit of volume on the burets.) 
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Three solutions of the sodium carbonate standard were 
prepared and titrated against the acid. The three 
runs should have a relative mean deviation of less than 
3 °/o0. 

After the HCl had been standardized, the unknown 
sample of the soda ash was substituted for the pure 
sodium carbonate. The above procedure was repeated. 
The relative mean deviations for the three runs on a 
sample and the relative mean error for the sample 
should be less than 4 °/o. 

Results: Three samples were analyzed by the fore- 
going procedure by running three determinations on 
each sample. Table 2 summarizes the results. 





TABLE 2 


Accuracy and Precision of the Semimicro Procedure for 
Soda Ash 





Relative mean 
deviation 
Relative mean of the three runs 
Na.CO; error in on a sample 
found partsin 1000 in parts in 1000 


48 .36 1 
62.44 3 
76.29 1 


Per cent Per cent 
Na,CO; 


present 
48 .39 


62.61 
76.33 








IRON IN AN IRON ORE 


The iron ore was dissolved in hot HCl, reduced with 
metallic silver to the ferrous state, and then titrated 
with ceric ammonium sulfate, using ortho phenanthro- 
line as an indicator. Our method was a modification of 
the one by Walden, Hammett, and Edmonds (3). 

Procedure: A 50-mg. sample of pure iron wire was 
placed in the 25-ml. volumetric flask and dissolved in 
five ml. of hot 12 N HCl. This was then cooled and 
made up to volume with distilled water. To this solu- 
tion was added 50 mg. of metallic silver in the form of a 
powder. When the solution became colorless, it was 
filtered through cotton in a Barber filter tube. The 
reduced iron solution was drawn into one of the micro 
burets, and an approximately 0.04 N ceric ammonium 
sulfate solution was drawn into the other buret. 

To the titration vessel (a 3-ml- test tube) was added 
1.5 ml. of distilled water and about 19 CM units of the 
iron solution. (The tip of the buret was below the 
water to protect the iron from oxidation by the air.) 
One drop of the indicator, 0.001 M ferroin, was added 
and then 18 CM units of the ceric solution were added 
to the tube. By using the stirring rod to get small in- 
crements, it was possible to get end points which 
checked within 1°/. Three samples of the iron wire 
were used to standardize the ceric solution. The rela- 
tive mean deviation allowable should be less than 
3 °/o0. 

The iron ore to be analyzed was thoroughly ground 
and dried. A 100-mg. sample of the ore was weighed 
into the weighing tube and then washed by six ml. of 
hot 12 N HCl into the’ volumetric flask used in the 
standardization. After solution the iron was reduced 
and titrated by the method outlined above. Relative 
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mean deviations and relative mean error should not be 
more than 4 °/0 for this determination. 

Results: Three different iron ores were analyzed. 
Ores number 1 and 2 were supplied by Thorn Smith. 
Ore number 3 was the Crescent ore from the National 
Bureau of Standards. Table 3 summarizes our results. 





TABLE 3 


Accuracy and Precision “ the Semimicro Procedure for 
ron 


Relative mean 
deviation 
of the three runs 
on an ore in 
parts in 1000 





Relative mean 
error in parts 
an 1000 


Per cent Per cent 
tron tron 
present found 


33.12 2 1 
40 .34 1 1 
58 .62 2 3 


Ore 
number 








SO; IN A SOLUBLE SULFATE 


The method of analysis employed was a modification 
of the one suggested by Hintz and Weber (4). 

Procedure: The BaSQ, was filtered through an Emich 
filter stick. The dimensions of the head of the filter 
stick are important. The head had a diameter of six 
mm., and the cavity in the head was deep enough to 
hold a generous packing of asbestos fiber. The asbestos 


extended past the lip of the cavity to insure that the 
BaSO, would be efficiently filtered. Three 15-ml. 
Erlenmeyer flasks were cleaned with distilled water and 
placed along with their companion filter sticks, pre- 


pared with asbestos, in the oven at 105°C. for two 
hours. After cooling, a flask and its stick were placed 
on the left-hand pan of the balance and a 50-mg. sample 
of the soluble sulfate weighed into the flask. The sam- 
ple was dissolved in 8 ml. of water, heated to 90°C., 
and the pH adjusted acid to methyl orange. Two 
drops of 12 N HCl were added, and then two ml. of 
0.25 M BaCl, added all at once. The precipitate was 
allowed to digest at 95°C. overnight and then the 
supernatant liquid drawn off through the filter stick. 
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The precipitate was washed with eight 1.5-ml. portions 
of distilled water. 

The outside of the flask was cleaned with distilled 
water. The flask with its stick and precipitate was 
placed in the oven at 105°C. for two hours. The 
BaSO, was heated by holding the bottom of the flask 
in the hottest portion of a Bunsen flame for two 
minutes. The assembly was cooled and weighed. 

Results: Three samples of soluble sulfates as sup- 
plied by Thorn Smith were analyzed by the foregoing 
procedure. Table 4 summarizes our results. 





TABLE 4 


Accuracy and Precision of the Semimicro Procedure for 
Sulfate 





Relative mean 
deviation 
of the three runs 
on a sample 
in parts in 1000 


Relative mean 
error in parts 
tn 1000 


Per cent Per cent 
O3 SO3 
present found 


26.15 26 .07 


3 2 
37:00 37 .02 1 3 
26 .84 26.73 4 1 








SUMMARY 


Data have been presented in this paper which sup- 
port the belief that the beginning course in quantitative 
analysis could be taught on a semimicro basis. The 
accuracy and precision in the four determinations done 
using a semimicro method compare favorably with the 
results which teachers of quantitative analysis expect 
from a beginning student using macro methods. 


LITERATURE CITED 


(1) Benepetti-Picuter, A. A., Ind. Eng. Chem., Anal. Ed., 11, 
226 (1936). 

(2) BenepetTTI-Picuter, A. A., ‘Micro Technique of Inorganic 
Analysis,” John Wiley and Sons, Inc., New York, 1942, p. 
256. 

(3) Wa.pEn, G. H., Jr., L. P. Hammett, anp S. M. Epmonps, 
J. Am. Chem. Soc., 56, 350 (1934). 

(4) Hintz, E., anp H. WeseEr, Z. anal. Chem., 45, 31 (1906). 


SUMMER COURSES IN CHEMICAL MICROSCOPY AT CORNELL 


INSTRUCTION in Chemical Microscopy will be offered at Cornell University during the com- 
ing summer session, which begins July 1 and continues for six weeks. The introductory course 
covers micrometry and particle-size determination, optical properties of crystals and their be- 
havior, lens systems and illumination, photomicrography, and studies of textile and paper fibers. 
A course in microscopical inorganic qualitative analysis will also be given. By correspondence in 
advance, persons not desiring university credit may arrange to cover, in a shorter period, those 


portions of the field most suited to their needs. 


Inquiries should be addressed to C. W. Mason, 


School of Chemical Engineering, Cornell University, Ithaca, New York. 





High-School Chemistry 


A HIGH-SCHOOL COURSE 
IN ORGANIC CHEMISTRY 


Vasr and complex as the field of organic chemistry 
may be, its fundamental and underlying concepts are to 
a large extent beautifully simple and easily compre- 
hensible to secondary-school students. The teacher of 
high-school chemistry will have noted that at the end 
of the term there are always a few members of his classes 
who express a deep interest in the work in organic 
chemistry which usually terminates the year’s course in 
this subject. These interested students more than com- 
pensate in enthusiasm for their smallness of number, and 
it is likely that most teachers have been embarrassed 
for lack of an answer as to why the high school cannot 
offer a course in organic chemistry. 

Organic chemistry has a long and honorable history 
at the Central High School of Philadelphia. It was 
taught at this school as early as 1843. In 1901 there 
were 95 students enrolled in organic chemistry at this 
institution. Equipment was not lacking, and included 
such instruments as a polariscope, combustion furnaces, 
etc. The course proved to be of inestimable value to 
generations of students who were inspired in great num- 
bers to enter the professions in which organic chemistry 
is a “hand-maiden” and who later spoke with great en- 
thusiasm of the unparalleled preparational value which 
the high-school course had for them in a multiplicity of 
fields. 

In the lean years which followed the first World War 
organic chemistry disappeared from our curriculum. It 
was revived, however, in September, 1944, and bids fair 
to become a healthy and growing addition to our pro- 
gram of studies. Twenty-five students were enrolled 
during that term, practically all of them members of the 
senior class. They were given a two period per week 
lecture course, no facilities being as yet available for 
laboratory work. Enthusiasm ran very high and the 
demand for a second term was unanimous. Presented 
below is a topical survey of the course. The labor of 
planning and giving the course was more than amply 
rewarded by the fact that the class average in the final 
examination was a grade of 92. Supplementary reading 
was encouraged and a half-dozen different textbooks 
were made available, but many members of the class 
purchased their own favorite texts and treated them 
with great awe and affection. Any teacher would have 


HAROLD J. ABRAHAMS . 
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been thrilled to hear the spirited discussions which were 

carried on among the boys on some obscure point before 

and after the lesson, and the expertness which some of 
them showed in the use of the jargon of organic chem- 
istry by the time that the course drew to a close seemed 
scarcely believable. Who can say what the destiny of 
these neophytes is to be? They leave a teacher hoping 
that he has held “‘his lamp beside the golden door’’ for 
his boys. 

TOPICS TREATED 

(1) Historical introduction, including “vital force’’ theory. 

(2) Electro and covalence, including coordinate valence, 

polar, nonpolar, and ionic molecules. 

(3) Dielectric constant and dipole moment. 

(4) The tetrahedral atom of carbon. 

(5) Preparation and properties of the methane series, including 

systematic and common names of the first 12 members, 
Wurtz synthesis, isomerism, structure theory, etc. 

(6) Cycloparaffins, including strain theory. 

(7) Alkyl halides, preparation and properties. 

(8) Alechols, aldehydes, ketones, ethers, acids, esters. 

(9) Preparations and properties of multiple bond hydrocar- 
bons, including systematic and common names, addition 
reactions with hydrogen, halogens, oxygen, and detection 
of multiple bond. 

Poly-enes and poly-ynes. 

Stereochemistry and isomerism; cis-trans and mirror- 
image isomers, including cause, resolution of optical 
isomers, importance. 

Benzene and some of its derivatives, including properties 
of the nucleus and side chains, nomenclature, isomers, 
sulphonic acids, nitro compounds, Fittig and Friedel- 
Crafts syntheses, Korner’s 2-3-1 principle, rules of sub- 
stitution, preparation and properties of aryl halides, free 
radicals, phenols. 

Resonance theory. 


(10) 
(11) 


(12) 


(18) 


While organic chemistry was not listed officially as a 
“war elective,” who will argue that it is not as much a 
preparation for certain kinds of specialized military 
training as are any of the commonly accepted high- 
school courses? Boys entering various branches of the 
service are apt to find a knowledge of organic chemistry 
highly valuable to them. As for the difficulties of the 
subject, it may at once be admitted that this subject is 
complex and challenging, but it will always be the duty 
of any educational institution to provide its students 
with disciplines to tax every mind to its fullest. Noth- 
ing less than that should be accepted as adequate. 
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MODEL OF AN OXYGEN ATOM 


ConventEnce as well as clarity requires us to repre- 
sent the electrons and their orbits on the blackboard as 
concentric circles around the nucleus. Yet we realize 
that the arrangement of the electrons is not flat, saucer- 
like, but more nearly spherical. In order to give stu- 
dents a clearer idea of the probable structure of a simple 
atom, such as oxygen, a model was constructed of large 
size from heavy steel wire and colored wooden balls. 
After painting and assembly, the model, nearly four 
feet in diameter, was hung from a hook in the ceiling 
of the classroom as a permanent display. 


Steel wire of */,-in. diameter was found to be suf- 
ficiently flexible to bend into four-foot circles for the or- 
bits of the electrons of the second shell of the oxygen 
atom. Six pieces of appropriate length were cleaned 
and painted with red lead. Colored wooden balls of 
about 1.5-inches diameter, such as those used for molecu- 
ular models, were used to represent the electrons. 
Shorter lengths of the same size wire were used to make 
the two circles of the first shell. By piercing the wooden 
balls, the ends of the wire can be strung through the 
hole with a sufficiently tight fit to hold the wire in a 
circular form. When assembled, we had two small 
circles and six larger circles, with a red wooden ball 
strung on each circle. A yellow ball was strung from 
the outer circles so that it was suspended in the center of 
the sphere. The yellow ball was used to represent the 
nucleus of the atom. Fine copper wire which is invis- 
ible a few feet distant was used to bind all the circles in 
position. 

This model has been extremely helpful in my classes 
this year. There are so many matters that come up in 
an elementary course that involve electronic structure 
that we have found this model most useful. Students 
have expressed a great deal of interest in the model and 


WILLIAM O. BROOKS 
Technical High School, Springfield, Massachusetts 


say that it has helped them to picture the structure of 
atoms much better than the flat, two-dimensional dia- 
grams we are forced to use on blackboards and in text- 
books. As an example of its usefulness, the question 
arose in class the other day, ‘“‘Why does oxygen have 
a valence of two?’”’ With a pointer the teacher could 
show that there are only six electrons in the outer shell 
of this atom and that two more are needed to make the 
shell complete. The model hangs right over the stu- 
dents’ heads and is always available. In addition, and 
this is a minor point, such a model hanging in the room 
does give a modern decorative touch to a chemistry 
classroom. 

While any atom can be constructed by similar meth- 
ods, oxygen makes a suitable model for demonstration 
purposes. It has sufficient shells and electrons to con- 
vey adequately the right idea, yet it is not such a maze 
of balls and wires as to confuse the students. 


‘ 
' 


In addition to this type of assistance, I would mention another way in which in- 
dustry can aid in both the immediate and the long-term production of an adequate 


number of first-rate scientists and engineers. 
raiding college teaching staffs for its own personnel needs. 
desperately short of adequate numbers of instructors. 


I refer to the importance of industry not 
The colleges already are 
At the same time they are even 


more desperately short of funds to pay the salaries which should be paid. Industry can 
always outbid the colleges on a salary basis, but I believe it would be an extremely short- 
sighted policy for industry at the present time to draw men from the colleges at the 
expense of the present effort to increase the nation’s reservoir of trained personnel. 
—Dr. James R. Killian, Jr., Massachusetts Institute of Technology. 
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To the Editor: 
Equation (6) on page 586 [C. C. Corrin, Tus Jour- 
NAL, 23, 584-8 (1946) ] should read 
dH = TdS + VdP 
Professor H. A. Taylor of New York University gives 


his students a handy mnemonic device for remembering 
the Maxwell relations. Each is of the form 


@),-@) 
04/2 \o2/, 
where the numbers stand for the four variables to the 
right of the equal sign in the order of their appearance 
in any one of the four differential equations given as 
equations (5) to (8) in this paper. Thus, in 

dH = TdS + VdP 
T =1,S = 2, V = 3, and P = 4, and the correspond- 
ing Maxwell relationship is 


oP Ss os P 
MARSHALL E. DE U [SCH 


New York, New York 


CENTRAL ANGLE OF THE TETRAHEDRON 


To the Editor: 
Here is a very simple way to obtain the value of the 
central angle of the regular tetrahedron. In the figure 








a is the central angle. From elementary geometry we 
have 


180° — 2B =a 
Now suppose that r is the radius of the circle circum- 
scribed around one face, h is the height, and 1 is the 


edge of the regular tetrahedron, ABCD. Taking r and 
h as functions of 1, the edge, we have 


l 


r= V3 
Therefore, 
h2 12 2 [2 P 
= —r= |? — 3 
, v2 
V3 
But, 
igB = ; 
Hence, by substitution, 
=a 
=: ee. eee ete 
06 = 7 a" 74 ie = OM 


V3 
From this value we get 
B = 35° 15’ 50” 
Therefore, 
a = 180° — 286 = 180° — 70° 31’ 40” = 109° 28’ 20” 


This is the value of the central angle of the regular 
tetrahedron. Such a demonstration should appear in all 
organic chemistry textbooks in connection with the 
LeBel-van’t Hoff theory of the tetrahedrical carbon 
atom. 

Ricarpo C, FERREIRA 


REcIFE, PERNAMBUCO 
BRAZIL 


To the Editor: 

There have been a good many requests for reproduc- 
tions of the illustration which appeared as Figure 2 
in the article “Atomic size and the periodic table’’ in 
the November issue of the Journau. I wonder if you 
would publish a notice that 8 X 10-inch glossy prints 
or 3!/, X 4-inch lantern slides of this illustration are 
available at a cost of 50 cents each ($0.50). If any 
large number is wanted, I can arrange to have any 
desired number printed from it at the printer’s estimate 
of about seven dollars ($7.00) per thousand. 

J. A. CAMPBELL 


OBERLIN COLLEGE 
OBERLIN, OHIO 
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& THE USE OF HISTORY 
IN TEACHING CHEMISTRY 


Owz rEcENTLY appearing device for ‘“‘culturizing”’ sci- 
ence teaching is to make occasional references to scien- 
tific history and to garnish the text with portraits of 
eminent scientists, along with photographs of wrecks, 
fires, explosions, and other spectacular catastrophes. 
It was left to President Conant to point out that an in- 
telligent “understanding” of science might be most ef- 
fectively achieved by developing the subject upon an 
historical basis [American Scientist, 35, 33 (1947)]. 
Textbook writers are almost always mature scien- 
tists. They have mastered, organized, and synthesized 
the subject matter into what seems to them to be a co- 
herent, logical whole. They have probably long since 
forgotten the sequence of comprehensions through 
which they travailed in achieving a mastery of their spe- 
cial science. They ignore the fact that few undergradu- 
ates have logical minds. They assume that the average 
elementary student can comprehend, at first exposure, 
a clear, well-organized presentation. They are prone 
to unload upon the hapless freshman a formidable frac- 
tion of all they have accumulated in many years of con- 


centrated effort. As the great majority of beginning . 


chemistry students will never go on with the subject nor 
use chemical knowledge technically or professionally, it 
is a waste of their time to require them to absorb masses 
of chemical details for subsequent regurgitation in ex- 
aminations. It is far more suitable to their needs to 
lead them into an “understanding” of the science. 
President Conant suggests that this can be achieved by 
the skillful presentation of carefully chosen topics, set 
in their historical and philosophical background. Most 
students enjoy a well-told tale and get the meaning of a 
scientific law or theory more easily from an apposite 
illustration than they do from an impeccably logical 
definition. 

Of more general application is the plausible—admit- 
tedly unproven—“heuristic”’ theory, based upon evolu- 
tionary precedent, that the immature, developing indi- 
vidual human mind will more readily comprehend any 
body of scientific knowledge if the various topics are 
presented in the order of their appearance in history 
rather than on any strictly synthetic or analytical plan. 
In spite of their occasional polite bows in the general 
direction of scientific history, most textbook writers 
fail to use the historical method in any systematic way. 

hey also ignore the fact that most immature students 
re impressed by the association of ideas and the order 
nd juxtaposition of topics in the text. “Horrible 
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examples” of this type abound in recent texts. One 
charmingly written book starts out with the theory of 
atomic structure, makes a small-type reference to the 
Periodic Law, and devotes the last chapter to a descrip- 
tion of radioactivity. It should be unnecessary to point 
out to a mature chemist that in most cases observation 
and recording of facts precede the formulation of ex- 
planatory theories. After this textual defiance of the in- 
ductive scientific method one cannot blame the numer- 
ous students who reported that the Periodic Law was 
devised to explain atomic structure, while atomic struc- 
ture suggested radioactivity. 

Physical science abounds in beautiful sequences of 
theories and laws which grow naturally out of a succes- 
sion of observations. In the paper referred to above, 
President Conant demonstrates in detail how one can 
proceed in a fascinating manner, following the sequence 
Galileo, Torricelli, Viviani, Pascal, von Guericke, cul- 
minating in the final law of Boyle and illustrating, also, 
the philosophy of science in a way which almost any 
normal student could grasp. Any one who has read 
even cursorily the history of chemistry can think of 
other, equally effective, sequences. How relatively 
easy it is to get students really to understand the law of 
mass-action if one begins with the EHssaz sur chemie 
statique and follows through, in chronological order, the 
work of Wilhelmy, Sainte Claire de Deville, Berthelot, 
Guldberg, and Waage, laying the foundation for a gen- 
eral discussion of dissociation on the readily observed 
behavior of gases (where the theory really works!) in- 
stead of starting out with demonstrations of the electri- 
cal conductivity of solutions of electrolytes and obfus- 
cating the student with explanations of why the law 
works only approximately for certain types of solutions 
and not at all for others. To the writer’s personal 
knowledge, hundreds of students subjected to the cur- 
rent order of presentation get firmly fixed in their minds 
that ionic dissociation is caused by the electric current. 

The most spectacular scientific sequence, of course, is 
the development of sub-atomic physical chemistry— 
Becgqerel, Thompson’s “electrons,” the Curies, Ruther- 
ford, Bohr, Moseley, etc., down to Lise Meitner and 
Bikini—a dramatically irresistible evolution leading up 
toa stunning climax. But to begin an elementary chem- 
istry course with the theory of atomic structure and end 
it with a description of radioactivity is hardly less than 
a logical and pedagogical outrage—like reading Hamlet 
backwards. 
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LECITHIN’ 


DURING the days of the traveling medicine show, bogus doc- 
tors claimed for their wares wonderful and all-inclusive powers. 
‘Dr. Mayne’s Magic Mixture” was guaranteed to grow hair on 
grandpa’s billiard-ball dome, remove sister Susie’s corns, and 
stimulate father’s waning appetite. ‘Dr. Wayne’s Wonderful 
Water” would, extolled Dr. Wayne, accomplish miracles ranging 
from the cure of hives to the extermination of rodents. 

As far as claims are concerned, the modern counterpart of yes- 
teryear’s “elixir” is lecithin, the fatty substance which has been 
suggested for nearly every known industrial use. However, un- 
like old-time patent medicines, lecithin actually will do most of 
the things attributed to it. 

Originally obtained from brain tissue, and later from egg yolk, 
lecithin for many years remained a laboratory curiosity. Since 
the cost of preparing the compound from known sources was 
extremely high, potential users found it much too expensive for 
their purposes, and there was little incentive for developing new 
applications. : 

Today that picture has changed completely. The discovery of 
lecithin in vegetable materials, particularly soybeans, makes the 
substance available in reasonably large quantities at compara- 
tively low cost, with the result that research is exploring the po- 
tentialities of lecithin and uncovering new uses at an amazing 
rate. 

Lecithin belongs to a group of substances known to chemists as 
‘‘phosphatides,’’ compounds often described as occupying a posi- 
tion between fatty oils and proteins. By the technical man, these 
phosphatides are considered as triglycerides in which one fatty 
acid radical has been replaced with phosphoric acid. If the phos- 
phoric acid is further esterified with choline, the resulting com- 
pound is lecithin; if it is esterified with colamine, the phospha- 
tide is called cephalin. Ordinarily, ‘‘commercial soya lecithin” 
is a complex mixture of lecithin, cephalin, and soybean oil, with 
the oil serving both as a carrier and as a preservative for the phos- 
phatides. 

The lecithin molecule itself has a split personality. While one 
side prefers fat, the other side is attracted by water, and it is this 
Jekyll and Hyde character which gives lecithin the unique col- 
loidal and emulsifying properties that adapt it for uses in prod- 
ucts ranging from confectionery to cosmetics. 

More specifically, lecithin is a versatile commercial product be- 
cause it has ‘‘triple-threat’’ abilities. It’s an antioxidant; it is 
surface active, and, consequently, will reduce surface and inter- 
facial tensions. 

For the benefit of the nontechnical, here, in general, is how one 
authority describes these properties. Antioxidants are materials 
which either prevent or markedly retard the oxidation of sub- 
stances to which they are added. How they do this is not fully 
known, but it is partially because they attract oxygen more read- 
ily than do the substances themselves. For example, lecithin will 
absorb oxygen more readily than will lard, and consequently will 
protect the lard when dispersed in it. 

Surface tension governs the extent to which a liquid will expose 
its surface, the higher the tension the smaller the surface exposed. 
Oil in water forms a surface layer and will not spread evenly 
throughout the mixture. 

Because one part of its molecule has an affinity for fat and the 
other part for water, lecithin will reduce the interfacial tension of 
such a dispersion. When lecithinized oil contacts water, the phos- 
phatide molecules, being surface active, group themselves on the 
surface of the fat globules, with their oil segments in the fat and 
their water portions in the surrounding water film. Thus, the 
oil and water are literally locked together with lecithin bonds 
which retard further separation and it is this action which en- 
ables lecithin to stabilize emulsions. 

Together, then, lecithin’s dual personality and its triple abili- 





1 Reprinted with permission from Progress thru Research 
(Fall, 1946). 
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ties undoubtedly make it one of the world’s most versatile indus- 
trial products. 

One of the first uses of lecithin was in the manufacture of oleo- 
margarine. Scientists long have known that butter naturally 
contains small quantities of the phosphatide and that lecithin in 
refined vegetable oils is destroyed during processing. Some 
corrected this shortage by adding egg yolk to margarine, thereby 
developing properties similar to those of butter. Now lecithin 
does the same job more efficiently at less cost. Since the addi- 
tion of 0.1 to 0.2 per cent of lecithin to commercial margarine 
disperses water evenly throughout the fat, it markedly im- 
proves the frying and baking qualities of the final product. 
When the margarine is heated, the dispersed water evaporates, 
permitting the fat to brown and froth exactly like butter. 

To the chocolate manufacturer, lecithin offers means of im- 
proving quality and reducing costs. Chocolate containing from 
0.1 to 0.3 per cent of the phosphatide assumes a smooth at- 
tractive finish and is relatively resistant to “bloom,” a defect 
caused by the accumulation of fat or sugar on the surface of the 
chocolate. Since lecithin causes fat to spread evenly, the 
amount of expensive cocoa butter in the mix may be reduced 
materially, for lower costs and better storage quality. 

Bakery products, too, benefit from lecithin, for the addition of 
small quantities increases dough tolerance and baking volume, 
improves texture, and retards staling. 

In the industrial field the proved and suggested uses for 
lecithin are nearly limitless. As a wetting agent in paints and 
printing inks, it improves dispersion of pigments in the vehicle, 
retards pigment settling, and produces an easily dispersed, soft 
pack when settling does occur. At the same time it does not re- 
tard drying or reduce gloss. 

Because of its emulsifying power lecithin increases the clean- 
ing efficiency of soaps, and, according to some authorities, has an 
activating effect on the skin, which makes it a “‘natural” for use 
in beauty creams and salves. 

In the manufacture of rubber products soybean lecithin facili- 
tates mixing and serves as a softener. The dye industry bene- 
fits from lecithin’s properties as both an antioxidant and a wet- 
ting agent since its presence effects more even dyeing, greater 
color brilliancy, and improved flexibility of dyed fabrics. 

So the list runs, steadily growing as science finds more uses for 
this amazing constituent of living cells. In addition to the myr- 
iad applications already mentioned, lecithin has been used in 
ice cream, textiles, leather, chemicals, powdered metals, anti- 
knock gasoline, antifoaming agents, lubricating oils, wood im- 
pregnations, munitions, ceramics, insecticides, pharmaceuticals, 
and many others. 

Some nutritionists believe that lecithin is important in the diet. 
Since choline is a member of the vitamin B complex and leci- 
thin plays a part in fat metabolism, their belief has a scientific 
basis and .is supported by poultry-feeding tests at the Florida 
Agricultural Experiment Station, where lecithin-fed pullets con- 
sistently outlaid pullets on a lecithin and choline-free ration. 
However, the nutritional phase of lecithin’s many-sided nature 
is still open to debate. Nevertheless, regardless of its nutri- 
tional role, lecithin faces an important commercial future, and 
General Mills is adding a lecithin unit to its soybean processing 
plant at Belmond, Iowa. 

Although the process itself is critical and requires careful con- 
trol and highly efficient equipment, its basic steps are relatively 
simple. Crude oil from the extraction plant is delecithinized by 
hydrating and passing the oil-emulsion mixture through centri- 
fuges which separate the phosphatides from the oil. The phos- 
phatide emulsion is then dried and subjected to special chemical 
treatment. When it has reached the proper consistency, the 
lecithin—a golden brown, viscous fluid consisting of true lecithin, 
cephalin, and residual oil—is poured into drums for shipment. 
The delecithinized oil is either further refined or sold as ‘‘De- 
gummed Raw Soybean Oil.” 
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Tue earliest book on the subject of chemistry by an 
American is probably “Chemical and Economical Es- 
says,” written in 1790 by John Penington, a young 
physician of Philadelphia. The few volumes which 
had appeared in this country prior to Penington’s 
“Essays” were reprints of European works, such as 
William Nicholson’s “An Introduction to Natural 
Philosophy,’’ published in Philadelphia in 1788. 

For decades after Penington’s publication, American 
chemistries were outnumbered by American editions of 
foreign works. Among the few chemists who wrote 
books during the early days of our republic were James 
Woodhouse, Samuel Mitchill, Lyman Spalding, Thomas 
Ewell, James Cutbush, and William Stephen Jacobs. 
Jacobs is a minor figure in American science, but since 
no information is available concerning him in our bio- 
graphical dictionaries, a short account of his career 
may be of interest to chemists. 

Jacobs was born in Brabant, a province of Belgium, 
on March 4, 1772. While still a youth he left home 
and went to Austria where he began the study of medi- 
cine and served in the army. In 1792 he traveled to 
Paris to continue his professional studies, but was 
drafted into the French army of the Rhine, in which 
he was an assistant surgeon. Soon after his induction 
he deserted to the English lines and then made his way 
to Amsterdam where he was employed in the military 
hospitals. In 1794 he sailed for America and reached 
Philadelphia in late 1794 or early 1795. 

In Philadelphia Jacobs obtained the position of dis- 
sector in the Medical School of the University of 
Pennsylvania. Some of the early anatomical speci- 
mens in the Wistar Museum were said to have been 
| Title Page of the Thesis Which William Stephen Jacobs Wrote 


for His Doctor’s Degree. In It He Reported the Chemical Analysis of 
Six Calculi. 
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(6) Rospinson WaGNneR Company, Inc., ‘Lecithin. ..And its 
uses in industry.” 
(7) WresrHaun, G. A., “Soybean phosphatides and their 


uses: A review,” Oil & Soap, 14, No. 4 (1937). 
(8) Wuymper, R., ‘‘The use of lecithin in bread,” Bakers’ 
Helper, 81, No. 1014 (1944). 
(9) Pratt, D. B., Jr., ‘Experiments with lecithin in bread,” 
ibid., 84, No. 1053 (1945). 
(10) Stock, E., ‘Influence of vegetable lecithins in the manu- 
facture of paint,” Chem. Abs., 27 (1933). 


(11) Eastman, W. H., er au., “Comprehensive survey of soy- 
bean research projects,” General Mills, Inc. 
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made by him. While working at the University, he 
continued his medical studies, and in 1801 graduated 
with the degree of Doctor of Medicine. 

As the climate of Philadelphia did not agree with his 
health, he sailed in 1803 for the island of St. Croix 
where he settled and began to practice his profession. 
It was here 14 years later that he married the daughter 
of a Danish nobleman, Count Rantzen, by whom he 
had several children. He died in the island on De- 
cember 30, 1843.1 

Although Jacobs was educated as a physician and 
practiced medicine all his life, he was interested in 
chemistry at least while he was associated with the 
University of Pennsylvania. To aid himself in the 
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1 “Obituary Notice of Dr. W. S. Jacobs of St. Croix, by W. E. 
Horner, read before the American Philosophical Society, June 
20, 1845.” 
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study of the science, he abstracted much of the impor- 
tant material found in such well-known texts of the day 
as Chaptal’s “Elements of Chemistry” and Fourcroy’s 
“Lecons Elementaires.”? Several of his fellow students, 
having read his notes, found them useful in supplement- 
ing the lectures of the Professor of Chemistry, James 
Woodhouse.* Later these students persuaded Jacobs 
to publish his material and offered to bear the cost of 
the printing. This is probably the reason Jacobs dedi- 
cated his book ‘“To the gentlemen attending the medi- 
cal lectures in the University of Pennsylvania.” 

The size of the book, 14.6 X 9 cm., enabled the stu- 
dents to carry it quite easily in their pockets. This is 
what Jacobs probably intended, for he called his book 
“The Student’s Chemical Pocket Companion.” This 
book was first printed in 1802 and ran into a second 
edition in 1807. Both editions have the same con- 
tents but were printed by different firms and are paged 
differently. The 1802 edition is paged (arbitrarily 
numbering the title page as 1) [5] ii [3] 2-114 [2]; the 
1807 edition is paged [5] 6 [1] 8-120 [1]. 

The book contains little on the theories of chemistry. 
Most of it is devoted to descriptions and properties of 
metals, gases, salts, alkalies, organic and inorganic acids, 
earths, and a few organic compounds. In the preface 
to his book, Jacobs wrote: ‘The following sheets may 
probably merit the attention of the students in this 
university, as they contain a detail of many original 
and useful experiments, as performed by the professor 
of Chemistry, Dr. Woodhouse.” 

Woodhouse at this time was engaged in a scientific 
controversy with Joseph Priestley over the theory of 
phlogiston, of which Priestley was the last great adher- 
ent. He and Woodhouse published several papers on 
the subject in the Medical Repository. In one of these 
Jacobs is mentioned as being a competent witness of 
some of the experiments which Woodhouse performed 
to refute Priestley’s opinions.* 

During his residence in Philadelphia, Jacobs was a 
member and the librarian of the Chemical Society of 
Philadelphia. This society, which came into existence 
around 1790 and died about 1809, was the oldest 
chemical society in this hemisphere and one of the old- 
est in the world. 

A brief search through the American medical and 
scientific literature of his time has not revealed any 
papers by Jacobs; perhaps he published none. His 
only attempt at what might be called research appears 
in his inaugural thesis, where he reported the chemical 
analysis of six stones—three from human beings and 
one each from a cow, a sheep, and a horse. 


2 Review of ‘The Student’s Chemical Pocket Companion,” 
Medical Repository, 6, 75-7 (1803). 

3 James Woodhouse, 1770-1809, Professor of Chemistry in the 
Medical School of the University of Pennsylvania, 1795-1809; 
the first noteworthy American chemist. 

4 J. Woopuovse: ‘‘An answer to Dr. Joseph Priestley’s argu- 
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ments against the antiphlogistic system of chemistry, published 
in the Medical Repository, and a vindication of the principles 
contained in the 72nd essay of the fourth volume of the American 
Philosophical Transactions,’ Medical Repository, 4, 25-34 (1800). 
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A rammiar experiment in the elementary physical 
chemistry laboratory is the determination of C,/C, by 





the method of Clement and Désormes.? The equation 
usually given for determining 


Cp 


saa. 2 
from this experiment is not correct because it is based 
on the expression 


(1) 


which is correct only for a reversible, adiabatic expansion 
of a perfect gas. The expansion in the method under 
discussion is very definitely irreversible and, hence, a 
different treatment must be given. Because the only 
readily available treatment of this experiment? is based 
on this error, which is a rather widespread one in ther- 
modynamics, we shall discuss the derivation in some 
detail. Fortunately, because of the small excess pres- 
sures which are used in the laboratory, the difference 
between the equation which will be derived here and 
that which has been in common use is small. The pres- 
ent derivation still makes use of the simplifying assump- 
tions that the process is perfectly adiabatic, that the 
gas is ideal, and that the gas has constant heat capacity. 
In the method of Clement and Désormes, a large 
(40 to 50 liter) carboy of volume », is filled with air or 
some other gas at temperature 7’; to a pressure 


pv’ = constant 


pi = De + Api 


where p; is atmospheric pressure. The stopper is re- 
moved from the carboy and the gas expands to py, its 
temperature, meanwhile, falling to 7;. The stopper is 
immediately replaced in the bottle and, after the tem- 
perature of the gas returns to 7’; (the ambient or ther- 
mostat temperature), the pressure is found to be 


Po = Py + Apo 


Py is necessarily less than p,; because some gas has been 
lost to the atmosphere in expansion. 

Inasmuch as the expansion is performed at constant 
atmospheric pressure, the work done is 


Pr(vy — Vi) 


where v; is the volume to which the gas expands—that 
is, the volume of the gas remaining in the carboy plus 
that of the escaped gas at either 7, and p, or T; and pp. 





1 Published with the approval of the Oregon State Monographs 
Committee, Oregon State College, research paper number 108, 
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School of Science, Department of Chemistry. 

* Mack, E., anp W. G. France, “A Laboratory Manual of 
Physical Chemistry,” 2nd Ed., D. Van Nostrand Company, 
Inc., New York, 1934, pp. 55-8. The symbols used in Mack and 
France are adopted in this paper. 


251 





ON THE RATIO OF SPECIFIC HEATS OF GASES' 


RALPH SPITZER 
Oregon State College, Corvallis, Oregon 


Because of the rapidity of the expansion and the large 
size of the carboy, it may be assumed, with some justi- 
fication, that the expansion is adiabatic and, hence, that 
q = 0. Application of the first law of thermodynamics 
leads to 


AE = C,(T; — T;)) =0-—w= (2) 


This expression may be contrasted with the first law 
equation from which (1) is derived, namely: 


y= Re 
mn Ov 


my 
Equation (3) is the correct equation to use only if the 
confining pressure is kept always infinitesimally less 
than the internal pressure of the gas. Such a process 
would be the infinitely slow expansion of a gas in a 
cylinder, when the pressure on the confining piston is 
constantly decreased by infinitesimal amounts to main- 
tain a balance between internal and external pressure. 
Such a balance is not achieved in the Clement and 
Désormes experiment, in which the gas expands rapidly 
and irreversibly through a finite pressure drop. Such 
irreversible expansions, which are quite common in 
practice, are often neglected in elementary thermo- 
dynamics courses (except for the example of expansion 
into a vacuum). One of the purposes of this paper is 
to point out that an irreversible expansion against con- 
stant atmospheric pressure can be treated by thermo- 
dynamic methods quite as simply as the usual reversible 
expansion. 
The application of the perfect gas law to (2) yields: 


—py(vy — 0) 


C. (3) 








Ce 
Re (Pres — piri) = — pyloe — 21) 
Le Se. eae ee _ Prt — Piti 
C. Cy Pers — pri 
Dividing both numerator and denominator by py, 
a 
vi PF 
=> 1 —_—_—_——— 
Y % 
v5 
Hin Bhi; Bacgn Mig Bi: Baws 
y=1-% Pr _ % = % Ph =D (4) 
aS a | a il 
UA v%; v5 


In order to be able to calculate y in terms of the ex- 
perimental variables, we require the ratio v,/v, Taking 
account of the gas that is lost in the expansion and the 
fact that p, is measured at the original temperature, 
it is easy to show? that 


(5) 





252 


The final result is 
Pi _y 
By GR Fé Brae? (3 A _ Api (6) 
Diy Pi — Po PF Api — Apo 
Po 
Inasmuch as p, is usually within one to two per cent of 
p, equation (6) may be simplified by cancelling p, against 
py, to give 
gpa. Ses 
~ Api — Apo 
the approximate equation found in most elementary 
textbooks. 
The use of equation (1) in place of (2) results in 


| (7) 


y= — (8) 





& Oil 


Geologists of Standard Oil Company (New Jersey) 
are of the opinion that discoveries of new reserves of 
oil in this country alone will at least be equal to the vast 
quantities already discovered, Eugene Holman, presi- 
dent of the Jersey Company, told a recent meeting of 
the American Petroleum Institute in Chicago. 


& Inventors 


The National Inventors Council has invited scien- 
tists and engineers to submit ideas for possible defenses 
against such modern weapons as the rocket, the guided 
missile, and the atomic bomb. 

Charles F. Kettering, chairman of the Council and 
vice-president of General Motors Corporation in charge 
of research, declared that the development of the 
atomic bomb has not canceled out the need for military 
inventions. The discoveries in controlled nuclear 
physics, he said, and particularly the development of 
the bomb are a challenge to the imagination and to the 
original thinking of the inventor, and he should not 
close his mind to the possibility of original and valuable 
discoveries in this field. 

The Council deplored the fact that many persons, 
including scientists, have discounted in advance any 
possibility that future invention in the field of defenses 
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Expansion of the logarithms in equation (8) with » 
neglect of higher powers leads again to equation (7). a 

Although it might appear that equation (6) would 
give better results than equation (8) when Ap;,‘is fairly 
large, it is probable that under such conditions both 
equations would be far from the truth because of the 
large temperature change and resultant heat leak. 
Under practical conditions of a small pressure drop, 
therefore, equations (6) through (8) would give results 
which are identical within experimental error. From 
the pedagogic standpoint, however, the derivation off Rese 
equation (6) presents a good opportunity to stress the It 
neglected fact that equation (1) applies only to reversible 
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adiabatic processes. Equation (6) has the additional P vot 
advantage of being easier to use in numerical calcula- ge 
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against atomic warfare is possible. The Council, ref s 
calling that a few years ago the bomb itself might havef ‘eg 
been thought impossible, suggests that defensive meas- 
ures may be developed. Going underground, dispers- 
ing concentrations of population and industry, and other 
tactical measures are defenses of a kind, the Council 
said, although they may seem impractical. 
6 
@ Aluminum 
Phenomenal wartime demand and the resulting post- Th 
war acceptance of aluminum have boosted it to a posi- loreig 
tion as the second-ranking metal of peacetime industry, _ 











in terms of volume produced. Iron (steel) alone is 
produced in larger volume today. Also significant 
has been the marked shift of emphasis in demand for 
aluminum in 1946, with architectural and building 
applications soaring upward to replace transportation, 
at the moment, as the field requiring the largest per 
centage of this lightweight metal. 
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If you want to surprise people with a magnet whicli Sho 
points east and west instead of north and south, it cau lishing 
be made of a new magnetic material called Silmanal, a1 publis 
alloy of silver, manganese, and aluminum, which cal ports 
be magnetized widthwise instead of lengthwise. 
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“Human Relations in Research Institution Manage- 
ment”? by William A. Hamor (reprint from the Mellon 
Institute, Pittsburgh, Pennsylvania) is based upon the 
author’s own experience and observation in one of the 
largest industrial research institutions in the world. 
From it we quote the following interesting outline: 


STEPS IN INSTITUTIONAL RESEARCH 
Basic Executive Action 





ion offf Research Proposal Is Considered 
ss the™ It is important and without a like there; its solution will 
ersible bring new knowledge. 
itional Problem Is Accepted 
alcula- Staff Member Is Assigned to Supervise Research 
Project is budgeted after study of requirements 
Work plans are made 
Researchist is selected after quest 
Control Investigational Action 
Supervisor: Researchist (or group): 
guides researchist is allotted laboratory 
must approve learns about organization 
program gets history of problem 
schedule surveys literature 
reports defines problem 
patenting studies attack 
development suggests solution 
publicity determines needed data 
all releases selects methods 
expansion of project outlines program 
arranges cooperation enters experimental stage 
maintains contact with sup- tests solvability 
porting agency or donor verifies findings 
, keeps in mind future of re- collects data 
il, re- searchist and work systematizes data 
t have regulates expenditures analyzes data 
meas appraises results 
ae makes deductions 
Spers, reaches conclusions 
| other tests conclusions 
eanaill plans development 
6 Foreign Readers 
- post The U.S.S.R. has more subscribers than any other 
, posi foreign country to American technical journals in the 
ustry field of physics, according to an analysis of subscription 
1B y . . . . 
‘ flists of the eight journals published by the American 
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Institute of Physics. Foreign subscriptions for the 


1d for nstitute’s journals, which report new research in nu- 
ildingg lear energy, optics, acoustics, and similar fields, are at 


ation, 
t per} 


an all-time high, according to Dr. Henry A. Barton, 
Director of the Institute. 

In addition to reading American technical journals, 
foreign scientists often report their own research in the 
American publications. In 1939 the Institute pub- 
lished 122 papers from England, 82 from Canada, and 
46 from the U.S.S.R. 
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Shortage of paper is a major handicap to science pub- 
lishing, Dr. Barton said. There is more material to be 
published because research is increasing and many re- 
ports were delayed by the war. At the same time the 
demand is increasing. 








Platinum Metals 


Charles Engelhard, President of Baker & Company, 
Inc., has made some interesting statements about the 
platinum industry: 


Palladium has reached an important position in the industry. 
Its increasing use results from wider knowledge of the metal, and 
especially from recognition of its merit and value both for adorn- 
ments and for industrial purposes. In the electrical field, palla- 
dium is used for small electrical contacts required to operate fre- 
quently over long periods without failure. In jewelry, the white 
color of lustrous palladium mirrors the flashing beauty of dia- 
monds which are strongly held. Rings made of palladium are 
durable as the metal has the strength and hardness to withstand 
wear. The lightness of palladium is utilized in earrings which are 
worn with more comfort and also in brooches and other jewelry 
of large size. Used in the most expensive pieces, palladium is 
also being employed in moderately priced jewelry, and recently 
has been introduced in the form of palladium-filled costume 
jewelry and jewelry for men. In dentistry, palladium is used 
to improve the mechanical and fabricating qualities of dental 
gold alloys for full and partial dentures that give better appear- 
ance, comfort, and service to the wearer. 

Demand for ruthenium increased rapidly during 1946. The 
hard alloys used for the polished points of writing pens and for 
similar purposes utilize ruthenium to obtain the high resistance 
to wear and corrosion required to assure smooth operation over a 
long period of service. Ruthenium is used also to harden palla- 
dium, especially in jewelry alloys commonly made of about 5 per 
cent ruthenium and 95 per cent palladium. 

Rhodium-plated jewelry and optical goods are reappearing in 
the consumer market, and other rhodium-plated articles includ- 
ing safety razors are in production. Such uses of rhodium were 
prohibited during the war to conserve rhodium for electroplating 
mirrors of military searchlights and for industrial and scientific 
purposes. Iridium demand in 1946 has largely paralleled the 
platinum demand for jewelry where a 10 per cent iridium and 90 
per cent platinum alloy is in common use. Osmium supplies 
continue so small that consumption is confined to uses where the 
total requirements are commensurate with supply. Tiny and 
highly polished points containing this precious metal are fused 
to the record-player needles that seldom need to be changed. 


re) Publications 


The following bulletins may be of special interest to 
teachers, students, and others: 

“Color in Electromagnetic Energy” (Sun Chemical 
Corporation, 100 Sixth Ave., New York 13, N. Y.). 
The relation of the visible light spectrym to the whole 
electromagnetic spectrum is presented with a simple 
diagram, and brief descriptions of the applications of 
the various wave lengths from X-rays through ultra- 
violet, visible light, infrared, short and long wave radio 
waves. The function of color chemistry in making 
color available in a wide range of inks, paints, and 
finishes is briefly outlined. A chart showing 17 metals 
and their derived pigments is included. 

“The Pharmaceutical Industry” by Robert A. 
Hardt (Bellman Publishing Company, 83 Newbury 
St., Boston 16, Massachusetts; price, one dollar). 
This is No: 9 in the series of American Industries and 
is an addition to the literature of vocational guidance. 
It describes in interesting detail the various occupa- 
tions within the pharmaceutical industry, from chemist 
to artist. 
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“Teaching Aids’ (Westinghouse Corporation, 306 
Fourth Ave., Pittsburgh 30, Pennsylvania) is a catalog 
of free and low-cost materials available—films, slides, 
charts, booklets, bulletins—and scholarships. 

“Amberlite Ion Exchange Resins’ (Resinous Prod- 
ucts and Chemical Company, Washington Square, 
Philadelphia, Pennsylvania) is a “laboratory manual” 
from which some interesting experiments might be 
adopted. 

“Organic Nitrogen Compounds” (Carbide and Car- 
bon Chemicals Corporation, 30 East 42nd St., New York 
City) describes the properties, specifications, and uses 
of the alkyl amines, alkylene amines, alkanolamines, 
and acetoacetarylamides, compounds used for many 
purposes, such as emulsifying, neutralizing, synthesiz- 
ing, dissolving, and saponifying. Copies may be had 
from the company by requesting Form 4770. 


« Artificial Snow 


Approximately a dozen foreign materials have been 
found capable of nucleating cold-chamber snowstorms 
in a laboratory, it was announced in a paper presented 
at the last annual meeting of the American Physical 
Society. The announcement was made by Dr. Irving 
Langmuir, associate director, Vincent J. Schaefer, and 
Dr. Bernard Vonnegut, all of the General Electric Re- 
search Laboratory at Schenectady. Best of the mate- 
rials is silver iodide, they said. 

Pointing out that a temperature of —31°F. is re- 
quired for natural ice nuclei to form spontaneously and 
that natural snowstorms often occur at temperatures 
higher than this, Dr. Langmuir said there is every 
reason to believe that nature often starts snowstorms 
with artificial nuclei. And it is possible that one type 
of these artificial nuclei may be silver iodide particles. 
Among other foreign materials capable of acting as ar- 
tificial nuclei for producing snow are lead iodide, iodo- 
form, iodine crystals, apatite, nephelite, wurtzite, 
zincite, and cerium oxide, each of which has a crystal 
structure like that of ice. 

Since most of the foreign or artificial nuclei become 
active at temperatures much higher than the tempera- 
ture necessary for ice nuclei to form spontaneously, 
their discovery considerably enhances man’s ability to 
“make it snow,’’ according to the scientists. Although 
at too early a stage for prediction of actual uses, the 
discovery might make possible the seeding of vast 
areas of atmosphere with foreign nuclei. Unlike ice 
nuclei, which melt or evaporate, many such artificial 
nuclei might be introduced by generators on the 
ground into the atmosphere and remain there until 
they produce snow. 

Since the size of the active nuclei is of the order of 
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100 Angstréms, or a millionth of an inch, it is estimated 
that approximately 200 pounds of silver iodide might 
prove sufficient to seed the entire atmosphere of the 
United States at a rate of 100,000 nuclei per cubic foot. 
About one pound of silver iodide per hour of additional 
seeding probably would be required to maintain this 
condition. 

In experiments with silver iodide a silver iodide- 
coated string was fed into a high-temperature flame, 
changing the silver iodide to a gas. Simultaneously a 
jet of air, blown over the flame, cooled and diluted the 
gas, causing formation of an invisible “smoke”’ of ex- 
tremely small silver-iodide particles in crystalline form. 
This ‘‘smoke” was then collected in a rubber bulb and 
kept there until ready for use. When the silver- 
iodide, in this form, was dispensed into a supercooled 
cloud in a cold chamber, water droplets comprising 
the cloud crystallized on the silver-iodide nuclei, and 
snow resulted. The transformation from water to 


snow took place at a temperature of +15°F., as con-§j 
trasted to the —31° necessary for spontaneous ice§ j 


nuclei. 

Lead iodide, in similar experimentation, accomplished 
transformation from water to snow at a temperature of 
zero Fahrenheit. Schaefer’s original snow-making 


technique, in which he caused spontaneous growth off j 


natural ice nuclei by introducing dry ice, initiates 
crystallization or change from water to snow at any 
temperature below 32°F. 

The most novel experiment was conducted by Robert 
Smith-Johannsen, another laboratory member, when 
he discovered a use for the “cigaret lighter that 
doesn’t work.” Flicking a cigaret lighter, which 
contained no fluid, he noticed smoke given off from the 
spark and hit upon the idea that particles contained in 
the smoke might serve as nuclei. He sparked the 
lighter in a supercooled cloud, and snow formed. Par- 
ticles from the flint proved to be the nucleating agents, 
and the “flint” upon analysis proved to be commercial 
cerium. Thus, cerium oxide became listed as a possible 
type of nuclei for snow. 

At present, methods are being developed by the G-E 
Research Laboratory to carry on outdoor experiments 
in natural conditions. 


ae Chemical Industry 
The Winter Issue (1946) of The Index, published by 


the New York Trust Company (100 Broadway, New 
York) carried two interesting articles on “The Cheni- 





Ki 





cal Industry. Part I: Its Production Vital to Na 
tional Economy; Part II: Its Growth in World War 
II.”’ Full of useful ‘chemical economics,” they show 
what the banker thinks of chemistry. 
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IVY POISONING’ 


Wirs rae approach of spring and summer, those 
susceptible to ivy poisoning may modify Shakespeare 
and say in truth, “Now is the ‘season’ of our discontent.” 
Picnickers, gardeners, fishermen, golfers, hunters, and 
just plain hikers will suffer from the itching and blister- 
ing which contact with poison ivy brings about. How 
does it do it? 

Certain members of the Rhus family possess “resin 
canals” which contain a white, milky, latex-like fluid 
possessing poisonous properties. Chemically, this fluid 
is very complex. It contains at least three harmless sub- 
stances and at least three toxic ones, which today are 
designated as the allergens of poison ivy. All of the 
toxic components are catechol derivatives, 7. e., they are 
1,2-dihydroxybenzenes and have a normal, 15-carbon 
atom side chain at position 3. In some of the molecules 
the side chain is saturated, and that substance is known 
as hydrourushiol. This name was given to it by a 
Japanese chemist, who prepared it from a mixture 
found in the Japanese lac tree. The poisonous effects of 
the poison ivy allergens stem mainly from the hydroxyl 
groups, while the side chain tends to make the com- 
pound lipoid-soluble and markedly affects the passage of 
the poison into the cells. Other catechol compounds 
present in the toxic oil have unsaturated side chains. 
The net effect of these groupings makes the mixture re- 
semble linseed oil and accounts for some of the delayed 
cases of ivy poisoning. For example, a fairly large drop- 
let of the oil may have got upon the head of a golf club 
in the fall when the player was swishing the club 
through the grass in the rough looking for a lost ball. 
If the drop did not come in contact with the player’s 
hand and the club were put away for the winter the 
surface of the drop would undergo oxidation and form a 
“skin,’”’ protecting the still toxic unoxidized part of the 
poison for months. In the early spring, the first time 
the club was removed from the bag the “skin” might 
be broken by the player’s hand and the poison trans- 
ferred to his own skin, or, by shaking hands with an- 
other, to the skin of a second person. Many “mysteri- 
ous” cases of ivy poisoning are probably “second-hand” 
cases. 

1 Presented at the 235th meeting of the New England Associa- 


tion of Chemistry Teachers, College of Our Lady of the Elms, 
Chicopee, Massachusetts, March 16, 1946. 
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OCIATION 


G. ALBERT HILL 
Wesleyan University, Middletown, Connecticut 


What actually happens when the poison gets on the 
skin of a sensitive person? It may penetrate into the 
cells through the hair follicles, the oil and the sweat 
glands, or more likely it seems, directly through the cell 
walls of the skin itself. It has recently been suggested 
that the poison, which is notable for its strong reducing 
character, is oxidized by the keratin through the cystine 
disulfide linkages of the latter. While this action prob- 
ably would nullify certain of the poisonous molecules, 
the skin’s defenses would also be weakened, since the 
keratinous layer of the skin is its protective layer. 
The capillary walls are then presumably affected and, 
being but one cell thick, the damage leads to redness, 
then, through leakage of the blood plasma, to blistering 
The affected part is usually feverish and the blisters, fre- 
quently rather large, produce unpleasant effects through 
vibrations of the fluid mass. Breaking the blisters will 
relieve this sensation, but provides a point of entry for 
bacteria. In severe cases of ivy poisoning, boils and 
other infections are not uncommon consequences. Inci- 
dentally, the blister-liquid is not toxic and does not 
spread the affliction if it comes in contact with an un- 
affected part. 

While probably 75 to 80 per cent of the population is 
susceptible to ivy poisoning, negroes are, in proportion, 
less likely to be attacked. This has nothing to do with 
pigmentation but results because their skin is blest with 
a thicker keratin layer than that of whites. Oddly 
enough, new-born babies are not susceptible to the al- 
lergens of poisonivy. When an ointment containing the 
extract of ivy leaves was applied to the skins of 110 very 
young infants, not a single case of ivy poisoning resulted. 
Yet when the experiment was repeated with a group of 
the same babies two weeks to a month later, the propor- 
tion of those who showed positive reactions was approxi- 
mately that of the general population. One surmises, 
therefore, that the first contact with poison ivy produces 
general sensitization only, and a second contact is re- 
quired to produce the characteristic dermatitis. By a 
series of very ingenious experiments with guinea pigs, 
it has been proved that integrity of the skin is not essen- 
tial to general sensitization whereas integrity of the thin 
muscle layer just beneath the skin is. Apparently, the 
sensitizing agent is water-soluble (the oil itself seems to 
be practically insoluble in water) and is distributed 
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through the lymph channels in the thin muscle layer. 
The spreading action so frequently noted in cases of ivy 
peisoning may occur through horizontal passage of the 
poison from cell to cell. 

While it may be interesting to know what actually 
happens when one is suffering from an attack of Rhus 
dermatitis, most people are probably more concerned 
with the technique of avoiding an attack. The plant 
may be eradicated or preventive agents may be em- 
ployed. While many chemicals have been used to rid 
areas of poison ivy with more or less success, and dan- 
ger, two substances relatively new, at least on a commer- 
cial scale, deserve particular mention. They are 2,4-D 
(2,4-dichlorophenoxyacetic acid) and ammonium sulf- 
amate, which is sold under various trade names. These 
substances may be applied to the leaves as a spray, and 
the plants are killed when the chemicals are carried to 
the roots by the natural plant processes. An ivy plant 
which grew in and had extensively invaded a rose garden 
was killed with no detriment to the roses by being given 
an opportunity to commit suicide. A cluster of leaves, 
still attached to the plant, was fastened in some sulf- 
amate solution in a quart jar, and nature did the rest. 

When one is likely to encounter poison ivy, he may 
protect himself by coating his skin with a variety of 
chemicals. Since catechol is closely related to carbolic 
acid, it is not surprising that a base has been suggested 
for this purpose. One may use a sodium oleate solution 
or, more conveniently, a strong solution of soap may be 
substituted. Ferric chloride, 5 per cent in 1:1 alcohol 
and water, may be used since ferric chloride is known to 
react readily with phenols. The skin of some people is 
permanently pigmented by this reagent; hence, it 
should not be used extensively until preliminary tests 
have proved it to be innocuous. After exposure, or pos- 
sible exposure, to poison ivy the parts should be given 
several separate latherings. The lather emulsifies the 
oil and rinsing removes it. Several separate treatments 
ensure complete elimination of the poison. The aller- 
genic mixture is soluble in alcohol, and careful washing 
with alcohol may serve to prevent an attack. However, 
the virtue of alcohol is simultaneously a defect for un- 
less the solution is completely removed from the skin, 
washing with alcohol may serve chiefly to spread 
hitherto localized poisonous oil. 

In the opinion of the writer, most chemical “cures” 
for ivy poisoning approximate “locking the barn after 
the horse is stolen.”’ A latent period of from minutes 
or hours up to from 5 to 8 days intervenes between ex- 
posure and visible onset of the case of dermatitis. Just 
what takes place in this interval seems still to be quite 
a mystery. If any of the oil remains on the skin and is 
hence accessible to chemical attack, any one of a num- 
ber of reagents may be employed. McNair divided the 
remedies reported to have been used successfully into 
two classes, irrational remedies and rational ones. The 
former were given their special designation because 
there seems to be no discernible reason why they should 
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act upon an unsaturated organic compound or a phenol. 
In many instances they probably are the substances the 
sufferers used last while the affliction was running its 
normal course. The list of reported “irrational” reme- 
dies runs into the hundreds. The rational remedies are, 
in the main, oxidizing agents or substances especially 
prone to act upon phenols. Hydrogen peroxide, stabi- 
lized hypochlorites, sodium perborate, and that old 
standby potassium permanganate belong to the former 
group, while bromine (a very dilute solution in glycerol), 
lead acetate, and ferric chloride are typical members of 
the second group. 

The plant itself has been used to provide protection. 
It is said that the Indians used to chew an ivy leaf to 
render themselves insensitive to the plant, and some 
people today claim to have adopted the drastic measure 
with success; nevertheless, it is generally regarded as 
a very poor plan to follow. Extracts of ivy leaves have 
been used as injections and orally, in tablets, both as pre- 
ventives and as cures with more than a little success. 
There seem to be notable individual differences in their 
use and effects, and what is good for one may quite 
literally be “another man’s poison.” If the extract is 
to be injected, it may best be done intramuscularly. 
Synthetic hydrourushiol has been suggested in place of 
the poison ivy leaf extract, and as a pure, homogeneous 
chemical individual it seems to have much to commend 
it. Over the country, the plant known as jewel weed 
has been used since very early days as a cure for this 
common affliction. The plant and the juice are used as 
a poultice and as a wash. Experiments aimed to test 
the scientific validity of this folk-way are about to be 
undertaken in this laboratory. . It seems reasonable to 
surmise that the favorable action of this plant may be 
enzymic. An oxidase may be present. It has been 
found that mushroom tyrosinase will oxidize hydro- 
urushiol to a benzoquinone; hence, a related compound 
in Impatiens may exercise a beneficial effect. 

In conclusion, it may be well to emphasize that while 
the toxic mixture is nonvolatile (it boils at somewhat 
over 200° at a pressure of 0.5 mm. and is not carried 
over in a steam distillation), it can be carried through 
the air as “aviating droplets’ on the smoke particles 
when poison ivy is burned. Very severe cases of ivy 
poisoning have resulted from this source. Furthermore, 
while the really ripe berries are probably harmless, the 
unripe berries are toxic, since the female flowers contain 
resin canals in the ovules. Numerous cases of ivy poi- 
soning, including one fatality, have resulted from chil- 
dren’s eating these white or whitish yellow berries. 
Children should be taught to understand the full mean- 
ing of the jingle, “Fingers three, let it be!’ which obvi- 
ously refers to the compound: leaf of poison ivy which is 
characterized by invariably having three leaflets. 
Adults who know the jingle, too, will not be led by their 
appreciation of the spectacular and the beautiful-to- 
gather sprays of ivy leaves gorgeously colored yellow 
and bright red when crisp autumnal days call one afield. 
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MAY, 1947 


6 Official Business 
239th Meeting, February 15, 1947. Rumford Chemical 

Works, Rumford, Rhode Island. 

The following program was given at the 239th meet- 
ing of the N.E.A.C.T. Greetings, Raymond Copson, 
Research Director of Rumford Chemical Works; 
“Research of the Quartermaster Corps,” W. George 
Parks, R. I. State College; “A New Test of Critical 
Discrimination ” John G. Read, R. I. College of Educa- 
tion. A short business meeting followed the luncheon, 
after which a tour was made of the Rumford Chemical 
Works. 


240th Meeting, March 22, 1947. Trinity College, Hart- 
ford, Connecticut. 

The following program was given at the 240th meeting 
of the N.E.A.C.T. Greetings, Keith Funston, President 
of Trinity College; ‘The Sun as an Atomic Power 
Plant,”’ Edgar I. Emerson, Trinity College; ‘Plutonium 
and other Transuranic Elements,” John E. Vance, Yale 
University. A short business meeting followed the 
luncheon, after which a tour was made of the Aetna 
Insurance Building, including laboratories and special 
exhibits. 





A great many changes have had to be made in the 

membership of the Ninth Summer Conference Commit- 
tee, as originally published. The corrected list of mem- 
bers of the committee is: Paul F. Stockwell, Chairman, 
Millard W. Bosworth, Secretary, Pearle R. Putnam, 
Treasurer and Registrar, Otis E. Alley, Lawrence H. 
Amundsen, Raymond R. Andrews, Constance M. 
Bartholomew, John P. Brennan, Helen W. Crawley, 
Edna M. Fielding, Helen S. French, Ina M. Granara, 
George D. Hearn, Helen G. Hirst, Elizabeth 8. Hollis- 
ter, Helen T. Jones, Rev. Raymond G. LaFontaine, 
Robert F. Lyons, Russell Meinhold, John K. Rouleau, 
John R. Suydam, Carl P. Swinnerton, and Elbert C. 
Weaver. 
When the list of the officers for 1946-47 was published 
in the September issue, the Chairman of the Western 
Division, Jean V. Johnston, was omitted by error. Our 
apologies to Miss Johnston for this oversight. 















The following amendment has been proposed to the 
Constitution of the New England Association of 
Chemistry Teachers: 


Amend Article IV, Section 2, to read: 


The officers shall be elected at the Annual Meeting. At the 
Annual Meeting the Nominating Committee shall present a 


slate of nominees. Further nominations may be made from the 
floor at the Annual Meeting. 
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Amend Article VII by adding Section 4, reading: 
The Nominating Committee shall consist of three members, 


one being elected at each Annual ae gr for a term of three 
years. In case of resignation or death, the President shall fill 
the vacancy by appointment to fill the unexpired term. Nomi- 
nations for election to the Nominating Committee shall be from 
the floor at the Annual Meeting. 


2 New Members 


Percy F. Benedict, Tilton School, Tilton, New Hamp- 
shire 

Antoine Cardona, Jr., High School, New Britain Con- 
necticut 

George F. Condike, Fitchburg State Teachers College, 
Fitchburg, Massachusetts 

Charles D. Coryell, M.I.T., Cambridge, Massachusetts 

Brother George A. Gagnon, Mount Saint Charles 
Academy, Woonsocket, Rhode Island 

Robert L. Harris, Middlebury College, Middlebury, 
Vermont 

Madalin B. Heath, South Kingston High School, 
South Kingston, Rhode Island 

Ruth R. Jefferson, Windsor Locks High School, Wind-~ 
sor Locks, Connecticut 

Robert M. Kimball, St. Mark’s School, Southboro, 
Massachusetts 

Sister Louis-Pierre, Rivier College, Nashua, New 
Hampshire 

Edward L. Spalding, Kimball Union Academy, Meri- 
den, New Hampshire 

Enoch F. Story, Jr., R. I. State College, Kingston, 
Rhode Island 

Louise O. C. Swenson, English High School, Lynn, 
Massachusetts 


@ Schedule of Meetings 


241st meeting, May 10, College of the Holy Cross, 
Worcester, Massachusetts 

Ninth Summer Conference, August 18-23, 1947, Welles- 
ley College, Wellesley, Massachusetts 


ci) Officers for 1946-47 

Eldin V. Lynn, President, Massachusetts College of 
Pharmacy, Boston 15; Dorothy W. Gifford, Secretary, 
Lincoln School, Providence 6, Rhode Island; Lawrence 
H. Amundsen, Editor of Report, University of Connecti- 
cut, Storrs; Millard W. Bosworth, 'Immediate Past 
President; John R. Suydam, Vice-President; Carroll B. 
Gustafson, Treasurer; Leallyn B. Clapp, Southern Divi- 
ston Chairman; Helen Crawley, Central Division Chair- 
man; Jean V. Johnston, Western Division Chairman; 
Lester F. Weeks, Northern Division Chairman: Ralph 
K. Keirstead, Curator; Elbert C. Weaver, Chairman, 
Endowment Fund; 8. Walter Hoyt, Auditor. 
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& EXPERIMENTAL PLASTICS AND SYNTHETIC RESINS 


G. F. D’Alelio, Pro-phy-lac-tic Brush Company. John Wiley & 
Sons, Inc., New York, 1946. ix + 185 pp. 9 figs. 18 X 26.5 
cm. $3.00. 


THIs Is an extension and revision of ‘‘A Laboratory Manual of 
Plastics and Synthetic Resins” by the same author, published in 
1943. The experiments have been broadened in scope, and more 
detail is included in this new edition which ‘‘aims to demonstrate 
the chemical reactions used in the preparation of plastic ma- 
terials.” 

Ninety-seven experiments are provided to teach the prepara- 
tion and utilization of practically all of the commercially impor- 
tant plastics and resins. In addition, directions for 27 test 
methods are presented, and an appendix lists sources of materials 
required for each experiment. 

The book gives explicit directions and provides space to tabu- 
late results of the laboratory tests. Each experiment is followed 
by questions designed to stimulate observation, logical inter 
pretation, and the use of reference books. 

The author states in the preface that this book is not intended 
for those who have only a ‘‘passing interest” in plastics. It is a 
workbook which may be recommended for its value and con- 
venience to three types of users: (1) as a manual for students in a 
laboratory course on the technology of plastics; (2) as a source 
of special experiments for standard laboratory courses in organic 
chemistry; and (3) as a practical aid, at the elementary level, for 
research chemists working with plastics in industrial and university 
laboratories. 4 

In the opinion of the reviewer, anyone who performs the experi- 
ments in this manual with care and understanding will thereby 
acquire a broad knowledge of the principles and practices of resin 
chemistry. 

HARVEY A. NEVILLE 


LexieH UNIVERSITY 
BerHLEHEM, PENNSYLVANIA 


& INTRODUCTION TO THE CHEMISTRY OF THE 
SILICONES 


Eugene G. Rochow, Research Laboratory, General Electric 
Company. First Edition. John Wiley & Sons, Inc., New York, 
1946. ix +137 pp. 4 figs. 15 X 23cm. $2.75. 


Tuts ts the first book in the English language that is devoted 
entirely to organic silicon compounds and is somewhat of a dis- 
appointment in not being a more comprehensive treatment of the 
subject. As the title indicates, however, and as the author points 
out, this volume is intended for the nonspecialist and possible 
user of the silicone polymers. With this purpose in mind, em- 
phasis is placed on the polymers commercially important, and 
discussion is limited to those in which carbon is linked directly 
to silicon; other types of silicon polymers are briefly mentioned, 
but references are given to publications dealing with them. 

The subject is developed in a clear and logical manner, start- 
ing with a brief historical outline of the early work in this field, 
followed by a description of the chemical behavior of elemental 
silicon and its differences from carbon. The hydrides (silanes), 
silane halides, and some of their derivatives are next considered, 
with mention of the long-known polymers obtained by partial 
hydrolysis of esters of silicic acid. The organosilicon monomers 
containing the carbon-silicon bond and the methods used for 
forming this bond are then described by conveniently classifying 


these compounds into alphyl, aryl, and mixed alphyl-aryl types. 
The formation and properties of various polymers obtainable 
from these monomers are more fully considered, with emphasis on 
those having the linear or cross-linked (siloxane) structures (al- 
ternate silicon-to-oxygen chains or networks). These polymers 
are further subdivided into oils, resins, water-repellant film-form- 
ing materials and elastomers. Engineering and commercial as- 
pects of their preparation on a large scale are also discussed, with 
typical flow sheets given, starting with the basic materials. The 
technical problems mentioned serve to emphasize the difficulties 
in manufacturing these rather new substances, which prompt the 
statement (p. 105): ‘The state of the art is roughly equivalent to 
that of organic chemistry in the year 1860.” 

Commendable features of the book are the excellent bibliog- 
raphy (all the papers by Kipping and his collaborators on this sub- 
ject are listed, for example), a chapter on the analytical methods 
used for these substances, and several lists of representative or- 
ganic silicon compounds, with names, formulas, and some physi- 
cal properties. In line with the purpose of this book, a glossary 
of chemical terms is appended. 

Despite the limitations mentioned, even the theoretical chem- 
ist interested in an introduction to this field will find it worth- 
while reading. 

; H. HAUSMAN 

GENERAL LUMINESCENT CORPORATION 

Curcaao, ILLINOIS 


& PHYSICAL CHEMISTRY FOR COLLEGES 


E. B. Millard, Massachusetts Institute of Technology. 6th 
Edition. McGraw-Hill Book Company, Inc., New York, 1946. 
ix + 682 pp. 72 figs. l0ltables. 13 X 2lcm. $4.50. 


THIS STANDARD textbook has been revised conscientiously by 
its author every five years since its publication in 1921. In the 
new edition the material on elementary thermodynamics has 
been expanded into a chapter of its own. This is a step in the 
right direction. However, in the reviewer’s opinion such a rapid 
survey of the three laws of thermodynamics including the diffi- 
cult concept of entropy will do little more than furnish the stu- 
dent with equations to memorize and use in the solution of prob- 
lems. Although he may obtain correct answers, he will have little 
appreciation of the means by which they have been obtained. 

In the opinion of the reviewer this text has the best set of prob- 
lems for undergraduates beginning their study of physical chem- 
istry. The author has taken commendable pains to evaluate ex- 
perimental methods and the tables of data are kept up to date. 
Frequent references to the literature will help instructors and 
their better students to become familiar with experimental re- 
search techniques and to study material beyond the scope of the 
text. 

In general the treatment is conservative. The newer acid-base 
definitions are not mentioned. References to molecules of salts on 
p. 233 and 237 are understandable slips; but why the presence of 
such ions as HSO,-, HSO;-, or HCO;~ (p. 278) in aqueous solu- 
tions should be considered as evidence against the theory of the 
completely ionized character of true salts is difficult to under- 
stand. 

In a few places concepts are used before they have been de- 
fined. Thus “unit activity” is mentioned on p. 242 but the defi- 
nition of activity appears on p. 278. These are only minor criti- 
sisms. On the whole the text is remarkably well organized de- 
spite the fact that it has been revised so many times. It can be 
recommended as a thorough, accurate, and scholarly text. 


JOHN A. TIMM 
Simmons CoLLEeGE 
Boston, MASSACHUSETTS 
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MAY, 1947 


@ NEW WORLD OF CHEMISTRY 


Bernard Jaffe, Chairman, Department of Physical Science, 
James Madison High School, New York. Silver Burdett Company, 
New York, 1947. ix + 710 pp. Illustrated. 15 X 22.5 cm. 
$2.88. 


BERNARD JAFFE is a unique personality among textbook writ- 
ers. He is not only a teacher but a distinguished writer of several 
well-known volumes of popular science. He knows how to catch 
the spirit and service of science and weave them together into a 
teachable text. He makes chemistry come alive by the inclusion 
of his fascinating historical material and useful illustrations. One 
scarcely thinks of New World of Chemistry as a high-school text 
save for the tools of chemistry which he handles so simply and 
clearly to interest the student. It reads more like a story. Half- 
tone reproductions of famous paintings and murals, of which 
there are 29, recreate some of the drama of chemistry. The strik- 
ing cover design was made by a well-known magazine illustrator, 
and the drawings by technical artists of high repute. It is a 
thoroughly up-to-the-minute chemistry with many suggested ac- 
tivities. Teachers will welcome the up-to-date list of educa- 
tional films on chemical subjects listed alphabetically near the 
close of the book so that it can be revised readily. 

“New World of Chemistry” is such an intrinsically interesting 
book, so far above the average textbook in chemistry and a favor- 
ite with the reviewer, that the reviewer is reluctant to add 
even one adverse criticism. The choice of subject matter is mar- 
velous, but the reviewer feels that the coherence and unity of the 
factual material are lost if one follows the sequence of topics in 
the Table of Contents. For example, why should ‘Formulas: 
The Chemist’s Universal Shorthand” be separated by ‘‘The At- 
mosphere: The Ocean of Air in Which We Live” from “Equa- 
tions: The Shorthand of Chemistry”; or why should ‘‘The Mole- 
cule and Avogadro’s Hypothesis” be placed between “Nitric 
Acid and Other Compounds of Nitrogen” and “Sulfur and Hydro- 
gen Sulfide’; and how can chlorine be studied as a member of 
the halogen family before a study of acids when a halogen is pre- 
pared by the oxidation of an acid? This should not bother a good 
teacher or a good student; but even the best of students need or- 
ganized subject matter in order to remember factual material so 
necessary for appreciation and understanding of the fundamentals 
of chemistry. However, ‘“New World of Chemistry” is so inter- 
esting that it will meet with widespread approval and endorse- 
ment of teachers of chemistry. 


GRETA OPPE 
Batu Hie ScHoont 
GALVESTON, TEXAS 


®@ CHEMISTRY AND HUMAN AFFAIRS 


Wm. Evans Price, Clifford J. Scott High School, East Orange, 
New Jersey, and George Howard Bruce, Teachers College, 
Columbia University. World Book Company, New York, 1946. 
xii + 788 pp. 15 X 23cm. $2.68. 


Herz Is a chemistry textbook offering the student a broad out- 
look of chemistry in human affairs with the hope that he will 
recognize its cultural and utilitarian value while learning its 
fundamentals. There are 17 units of convenient size, each 
divided into five or six problems with questions for self-testing or 
discussion. The reading list is exceptionally fine. The authors 
begin the study of chemistry with the study of water. Some 
chemistry teachers may object to such a beginning since the 
chemistry of water necessitates a knowledge of oxides. The re- 
viewer would recommend that the study of acids, bases, and salts 
precede ionization. The last six units deal largely with applica- 
tions of chemistry in human affairs and make good reading. 


‘ 
GRETA OPPE 


Baty Hiex ScHoon 
GaLvEsTon, TEXAS 





@ FUELS, COMBUSTION, AND FURNACES 


John Griswold, Professor of Chemical Engineering, University 
of Texas. McGraw-Hill Book Company, Inc., New York, 1946. 
vii + 496 pp. 172 figs. 5S charts. 15 X 23cm. $5.50. 


TWENTY YEARS ago Haslam and Russell published “Fuels and 
Their Combustion” which was adopted as a text in many schools 
and was widely used as a reference book by men in industry. 
These authors never revised their book to keep it in step with the 
progress of modern industry, but its value has remained high. 
Griswold has covered the same field with up-to-date material and 
data, although the emphasis has been shifted from solid fuels to 
liquid and gaseous fuels. This shift in emphasis is understandable 
when the recent books on coal are considered, as the two volumes 
on “Chemistry of Coal Utilization” edited by H. H. Lowry. 

The sections of the book and pages devoted to each are as fol- 
lows: sources of fuels, 107 pages; calculation methods, 142; fuel 
burners, 65; furnace designs, 127; appended data, 35. The 
three chapters on sources of fuel cover the production and prop- 
erties of coal and coke, petroleum and natural gas, and manu- 
factured gas. The five chapters on calculations cover the mixture 
properties of petroleum fractions, combustion stoichiometry, 
heat balances, equilibrium and kinetics, and the mechanism and 
engineering properties of the combustion process. The three 
chapters on fuel burners cover gas burners, oil burners, and 
stokers and pulverized coal burners. The five chapters on fur- 
naces cover introductory heat transmission, furnace refractories, 
firebox and chimney considerations, tube heaters, and process 
furnaces and kilns. 

This book has brought to bear on vombustion processes the 
newer developments in chemical engineering and physical chem- 
istry, as exemplified by the chapter on mixture properties of pe- 
troleum fractions, equilibrium, kinetics, and mechanism of com- 
bustion reactions. Heat generation has changed from a rule-of- 
thumb art to a science! Numerous illustrated problems show 
the student how to use the principles discussed, and each chapter 
is concluded with a series of exercises. 

Like most first editions, a number of minor errors and mis- 
prints crop out to confound the author, as 32°F. = 460°R., 
which will be corrected in a second printing. The reviewer criti- 
cizes the adoption of an air composition of 20.9 per cent O2 and 
79.0 per cent Nz on the pretext that “‘the effect of slight errors in 
Orsat analysis are appreciably reduced” thereby. Two errors do 
not make a correct result! A large section of one chapter is de- 
voted to the heat content of gases and heat balances. To deter- 
mine the heat lost in a stack gas, a set of curves showing the mean 
molal heat capacity over the temperature range 0 to 5000°F. is 
given; however, the chart is only 10 by 13 cm. A large insert 
folder could have been devoted to such a chart to avoid going to 
the scattered literature to secure accurate graphs or equations. 
Such shortcomings are, however, minor in comparison with the 
virtues of this new text. 

The reviewer recommends this book for all libraries in chemis- 
try and chemical engineering. It will serve as a reference text in 
chemistry courses where the instructor desires to have available 
practical supplementary material. Every chemical engineer con- 
cerned with fuels, combustion processes, or equipment will find 
this book essential. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


2 ALLYL ALCOHOL 


Shell Development Company Staff. Shell Chemical Corporation, 
San Francisco, 1946. vi+95pp. 6 figs. 15 X 33 cm. 


THE KNOWN properties and uses of allyl alcohol are summarized 
in this book. Starting with the product’s history, nature, and 
uses, the book summarizes its properties—chemical, physical, 
and biological—and concludes with Shell’s specifications and test 
procedures. 
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© INORGANIC SYNTHESES: Volume II 


W. Conrad Fernelius, Purdue University, Editor-in-Chief. 
McGraw-Hill Book Company, Inc., New York, 1946. xii + 293 
pp. 25 figs. 15.5 X 23.5cm. $4.00. 


THIS SECOND volume of ‘Inorganic Syntheses” is well up to the 
high standard set by the authors and editors of Volume I. In- 
deed, there are a number of improvements based on experience 
gained with the first volume which have been incorporated in the 
second. Like its predecessor, each synthesis has been checked in a 
laboratory other than the one in which it originated. The book is 
arranged in chapters according to the groups in the Mendeleeff 
periodic table. Since each synthesis involves at least two ele- 
ments, it is necessary to place the synthesis arbitrarily in the lo- 
cation indicated by one of the elements and make cross references 
in the chapter heading corresponding to the other element. If 
there are more than two elements, then the cross-reference system 
is just extended to additional chapter headings as needed. 

The general summaries of fields where there are groups of 
closely related syntheses is a welcome feature of this work. Ex- 
amples of such summaries are found in the eight-page discussion 
of the rare earths and the five pages devoted to a summary of the 
carbonyls. 

An outstanding advance of Volume II over Volume I lies in the 
11 pages of notes on the nomenclature of inorganic compounds by 
Janet Scott together with the references to the literature of this 
subject which appear in the appendix. Not only will this ma- 
terial be found helpful to those using the book for synthetic pur- 
poses, but it should also aid in stimulating the systematizing and 
improving the uniformity of inorganic nomenclature. 

The policy of retaining the members of the former Board of 
Editors for the new volume and adding new members thereto ap- 
pears to have been a most fortunate one as the improvements 
seem to be logical developments based on the experience gained in 
publishing Volume I. 

Organic chemists will find much to interest them in this volume. 
Examples of this are found in such syntheses as those of the metal 
acetylacetonates, the metal derivatives of the diketones, sodium 
amide, phosphorus-halogens, and the phosphorus-oxy-halogens. 
The writer’s copy has been put to use more by the organic chem- 
ists in the laboratory since its arrival than by any other group. 

The authors and editors of this volume are to be congratulated 
on a well-presented work which should have a long life of useful- 
ness in the field for which it was written. 

HOSMER W. STONE 


University OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


pounds are given in a short space. 


JOURNAL OF CHEMICAL EDUCATION 


@ A LABORATORY MANUAL OF QUALITATIVE 
ORGANIC ANALYSIS 


H. T. Openshaw, Lecturer in Chemistry in the University of 
Manchester. The University Press, Cambridge, England, and 
the Macmillan Company, New York, 1946. viii +95 pp. 14 x 
22 cm. $1.50. 

STUDENTS IDENTIFYING functional groups in organic com- 
pounds are likely to be more confident of their work if they are 
able to verify one test with a second or even a third. Conse- 
quently, it is desirable to have a large number of reagents at 
hand. Openshaw has omitted from his laboratory manual at 
least a dozen useful reagents which are,in general use in organic 
laboratories in this country. Among the useful ones which he 
has not included are the iodoform test, the Lucas reagent, the 
hydroxamic acid test for esters, ceric nitrate, periodic acid, and 
the fuchsin-aldehyde reagent. From the standpoint of practical 
use in the laboratory, the reviewer would consider the manual 
quite inadequate. 

The procedure for identification of organic compounds is 
similar to that proposed by Mulliken. — 

Tables of melting points of derivatives of a large number of com- 
The various homologous se- 
ries are not arranged alphabetically, however, so that the tables 
are not as handy as they might be. 

Openshaw suggests distinguishing aliphatic from aromatic hy- 
drocarbons by using a nitrating mixture. He also suggests the 
titanous ion as a reducing agent for identifying the nitro group. 
The reviewer has not seen these two reagents suggested in any 
other laboratory manual. A few derivatives such as the sulfon- 
acetamides are also taken from the recent literature. These seem 
to be the useful additions to the field of organic analysis which 
Openshaw has made in his manual. 

LEALLYN B. CLAPP 
Brown UNIVERSITY 
ProvipENcE, Rope IstaAnp 


* FOURIER TRANSFORMS AND STRUCTURE FACTORS 


Dorothy Wrinch, Lecturer in Physics, Smith College. The 
American Society for X-ray and Electron Diffraction, 1946. 
ix + 96 pp. 34 figs. 15.5 X 24cm. $4.00. 


ASXRED MonoerapH Number 2 is a contribution both to 
the study of structure factors of atomic groupings which occur 
frequently in a wide variety of both organic and inorganic crys- 
tals and to the X-Ray analysis of the little-studied megamolecu- 


lar crystals. 


BOOKS AND WORLD RECOVERY 


THE DESPERATE and continued need for American publications 
to serve as tools of physical and intellectual reconstruction abroad 
has been made vividly apparent by appeals from scholars in many 
lands. The American Book Center for War Devastated Libra- 


ries has been urged to continue meeting this need at least through 
1947. The Book Center is therefore making a renewed appeal for 
American books and periodicals—for technical and scholarly books 
and periodicals in all fields and particularly for publications of the 
past ten years. Complete or incomplete files of the JouRNAL OF 
CHEMICAL EpucaTIon will be especially welcome. 


The generous support which has been given to the Book Center 
has made it possible to ship more than 700,000 volumes abroad 
in the past year. It is hoped to double this amount before the 
Book Center closes. The books and periodicals which your per- 
sonal or institutional library can spare are urgently needed and 
will help in the reconstruction which must preface world under- 
standing and peace. 

Ship your contributions to the American Book Center, c/o 
The Library of Congress, Washington 25, D. C., freight prepaid, 
or write to the Center for further information. 

















Courtesy of the Philadelphia Quartz Company 


Photomicrographs of Crystalline Sodium Silicates 


Center, anhydrous metasilicate; clockwise, beginning at top, 3Na:O:2SiO,11H:2O, a lower hydrate of 3Na:O0-2SiO2, NazSiOx - 
5H20, Na2SiO;6H2O, Na:SiO3;-8H2O, Na:SiO;9H.O0, Na:0-4Si0.7H2O [the sesquisilicates and metasilicate hexahydrate are 
rom the paper by SPRAUER and PEARCE, J. Phys. Chem., 44, 909 (1940)]. 


(See page 262) 





























The aid of the cyclotron and betatron in atomic research 
during the war, and the confirmation of atomic theory in 
the development of the atomic bomb, has greatly stimu- 
lated research and public interest: This revision of our 
Atomic Chart, under the direction of Dr. W. F. Meggers; 
Chief, Spectroscopy Section, National Bureau of Standards, 
insures up-to-the-minute coverage of the whole field of 
atomic information. 


W. M. WELCH 
SCIENTIFIC COMPANY 


Established 1880 
1515 Sedgwick Street, Dept. D, 
Chicago 10, Illinois, U.S. A. 
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Ix ras month’s correspondence column will be found 
an account of a serious accident resulting from the un- 
intelligent use of potassium chiorate. Elsewhere in 
this issue are some suggestions for a program to empha- 
size safety in the laboratory. Attention has also been 
called to another chlorate accident in which a boy lost 
part of his hand and suffered‘ other injuries from the 
premature explosion of a home-made bomb made of 
potassium chlorate and certain combustible ingredients. 

We were recently informed of an even more serious 
accident, in which two boys lost their lives and a third 
merely his hands in the explosion of a bomb filled with 
phosphorus and potassium chlorate. 

A dangerous culprit with two known deaths and sev- 
eral felonious attacks to his discredit would be removed 
from free circulation in society, but we allow this culprit 
his complete freedom, and in fact make rather a hero of 
him. It seems about time that we remove potassium 
chlorate from our open shelves and place it with the 
dangerous chemicals. After all, the only real excuse 
for its being in the laboratory is its traditional use in 
preparing oxygen early in the elementary course, and 
there are perfectly good—and far less dangerous—sub- 
stitutes for this purpose. It generally occupies a 
place next to KCl on the alphabetical shelf, with fre- 
quent disastrous consequences when students are trying 
to follow directions and find chlorides on which to try 
the action of sulfuric acid. I well remember how com- 
pletely a test tube disappeared from a student’s hand 








and only extraordinary good luck and the fact that it 
was under the glass door of a hood limited the injury 
to a few cuts on the student’s arm. 

The danger is bad enough in the laboratory, but 
there seems to be some aura of romance around this 
particular substance which prompts inquisitive young- 
sters to experiment with it at home or in the back yard 


where there is no restraint. Probably we teachers are 
to some extent guilty of adding to this danger, for who 
among us has not enthusiastically demonstrated the 
oxidizing and explosive properties of the chlorates? 
But we must learn to use such interest-arousing tactics 
without arousing other, undesirable reactions. 

Of course, the whole program for greater laboratory 
safety involves much more than merely this. We 
commend all the agencies which are engaged in this 
program, including the Alpha Chi Sigma fraternity 
and its National Safety Committee, and should like to 
exercise such influence as we may have in furthering this 
work. 

It is perhaps inevitable that all students go through 
the stage in which chemistry is a lot of pretty colors 
and a ‘series of pleasantly frightening explosions, 
but we should make it our business to assure that 
students get through this infantile stage as soon and 
as safely as possible and come to realize that this 
field of science and technology deals with vastly 
more important things than the process of blowing 
things to pieces. 


‘ 
i 











Anyone who thinks he has any specially good lecture demonstration experiments 
is requested to send the details to Dr. H. N. Alyea, Department of Chemistry, 
Princeton University, Princeton, New Jersey. Most of us have some “pets” 
which we are particularly fond of. A project is under way to collect and publish 
a series of these. 














& CHEMISTRY OF THE SOLUBLE SILICATES 


Soxvs.e SILICATES are systems containing varying 
proportions of an alkali metal and silica (SiO2), usually 
with at least some water. More than 50 products con- 
taining these three constituents are commercially 
available, and at least 15 crystalline alkali metal sili- 
cates are known. The alkali metal most frequently en- 
countered is sodium, although potassium silicates have 
been commercially available for many years. Recently 
the manufacture of lithium metasilicate, for use in por- 
celain enamels and glazes, has been announced. No 
ammonium silicates have apparently yet been isolated, 
although the properties of a solution of silica in aqueous 
ammonia indicate that they may exist. .Rubidium and 
caesium silicates have been made but not studied ex- 
tensively and at present have no industrial importance. 

Although alkali and silica may be combined in all 
proportions, present commercial products do not ex- 
ceed a silica to alkali ratio of about four by weight be- 
cause of the very low solubility of fused silicates above 
this ratio. By combining alkali, silica; and water in 
varying proportions, a large number of different prod- 
ucts with widely varying properties can be obtained. 
These range from readily and highly soluble crystals to 
white powders which do not dissolve in boiling water, 
thin slightly sticky fluids of the consistency of maple 
sirup, heavy viscous materials which barely flow; soft 
plastic masses which bounce like rubber, sticky plastics 
which do not bounce and behave like old-fashioned 
taffy, and lumps of transparent glass which may have 
sharp edges. 

This variety of properties and forms has led to wide 
industrial utilization of the soluble silicates. Plants in 


the United States produced during 1944 an amount of 





Courtesy of The Philadelphia Quartz Company 


Figure 1. A‘Modern Silicate of Soda Plant 


REYNOLD C. MERRILL 
Philadelphia Quartz Company, Philadelphia, 


Pennsylvania 


silicate equivalent to around one and a half billion 
pounds of the 41° Baumé solution (containing about 38 
per cent solids.) Sodium silicates are used as de- 
tergents, both by themselves and with other detergents 
such as soaps, as adhesives, and in cements, sizes, coat- 
ings, textile operations, water treatment, oil-well drill- 
ing, roofing granules, and for many other purposes. 

History. The discovery of the soluble silicates has 
been attributed to a group of Phoenician sailors who 
used lumps of natural soda ash to support their cooking 
vessels in a camp fire on a sandy beach. They observed 
that a glass was formed, although they were probably 
not aware that it may have been water soluble. As 
early as A.D. 77 Pliny described the preparation of a 
“glass” by fusing a mixture of white sand with 3 parts 
of niter. Porta in 1567 produced a glass by fusion of 
cream of tartar with rock crystal, and Agricola in 1621 
by fusion with ground flint. J.B. van Helmont realized 
that such a glass can be slowly dissolved in water. He 
writes, “If stones, gems, sand, flint, etc., be boiled in 
alkali-lye, they will dissolve, and the liquid when 
treated by acids will yield a dust (precipitate) equal 
in weight to that of the original mineral used.” J. R. 
Glauber called the aqueous solution of the fused alkali 
and sand “‘oleum silicum”’ or “liquor silicum,” and J. N. 
Von Fuchs, ‘‘wasserglass.”” Von Fuchs investigated 
the soluble silicates quite extensively during the 19th 
century and suggested many of the present uses. 

Preparation. At least six methods may be used to 
prepare the soluble silicates. They are manufactured in 
the United States at present almost exclusively by the 
fusion of sand and soda ash in large open hearth fur- 
naces at temperatures around 1300°C., according to 
the equation 


Na»CO; + nSiOow— Na,0-nSiOz + CO, t 


The most common commercial silicates correspond to 
values of n in the above equation equal to 2.0 and 3.2. 
Intermediate ratios may be made by mixing, and more 
alkaline grades by adding caustic soda. The reaction 
forming the most alkaline silicates can be completed 
below the fusion temperature of the mixture. 

The more alkaline silicates may be made by fusing 
sand or a higher ratio silicate with sodium hydroxide. 
This reaction can also be completed below the fusion 
temperature. 

In Europe the soluble silicates are made using sulfate 
and coal in place of soda ash. The equation may be 
written 


2Na.SO, + C + nSiO.—> 2Na,0-nSi0. + 2802+ + CO2t 
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The mechanism of this process is not known, although 
it is common knowledge in the industry that, due to 
side reactions, more coal is required than indicated by 
this equation. In order to make sure that no coal re- 
mains in the product, an excess of sulfate is generally 
used. The product of this process is usually less pure 
than that made by soda ash fusion. 

The soluble silicates may also be made by dissolving 
siliceous materials in concentrated caustic soda-solution 
at elevated temperatures, usually under pressure. The 
reaction may be written 


nSiO, + 2NaQH— Na,O0-nSiO. + HO 


Powdered flint, infusorial earth, precipitated silica, or 
charred rice hulls (which contain about 35 per cent 
silica) dissolve in 20 per cent sodium hydroxide solution 
in about three hours with agitation under three to four 
atmospheres pressure. Quartz takes longer and a higher 
pressure. It is reported that silica dissolves more 
rapidly in potassivin than sodium silicate solutions and 
even faster in mixtures of the two. 

The amount of silica which dissolves is apparently 
limited, although silica to alkali ratios as high as 2.7 
have been reported in the literature. Ratios as high as 
4.2 have been produced by electrolyzing more alkaline 
silicates in a cell with a mercury cathode. 

Silicon and its alloys with iron or manganese react 
with sodium hydroxide solutions, liberating hydrogen 
and forming sodium silicates. The reaction may be 
written 


Si + 2NaOH + H,O—Na,0-SiO, + H: ft 


This Jaubert or Silicol process was used in Great Britain 
for a short time in World War I but does not appear to 
be economical under present conditions. 

A great deal of work has been done on the prepara- 
tion of silicates directly from salt and sand by the re- 
action 


2NaCl + nSiOz + H:O—Na,0-nSiO. + 2HCl 


Silicate can be made by this method, but the reaction 
equilibrium apparently does not favor the production of 
silicate. For this reason and because of the slow rate 
and low thermal efficiency involved in carrying out the 
reaction, it seems unlikely that silicates will be pro- 
duced extensively on a commercial scale by this method. 
Dissolving Silicate Glass. The silicate produced by 
the soda ash fusion process forms, on cooling the melt, a 
clear light bluish green glass. The color is due to traces 
of iron or other impurities. For commercial sodium 
silicate glasses made in the United States the impurities 
amount to less than one per cent. Silicate glasses or 
powders with a silica to alkali ratio of about two by 
weight dissolve if finely ground. Those with a ratio 
above 2.5 do not dissolve when brought in contact with 
either cold or boiling water, although some alkali is 
leached out. The siliceous silicates must be dissolved 
by steam under pressure with mixing in the presence of 
excess solid or concentrated solution. 
This dissolving is usually done by the manufacturer _ 
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and the solution sold as concentrated as convenience 
permits. The silicate with a silica to alkali ratio by 
weight of 3.2 can be handled readily only below concen- 
trations of 40 per cent solids, corresponding to a specific 
gravity of 1.41 or 43° Baumé. The more alkaline sili- 
cates can be handled readily at higher concentrations. 
The 2.0-ratio silicate is frequently sold at a concentra- 
tion of 54 per cent solids, corresponding to a specific 
gravity of 1.69 or 60° Baumé. 

The compositions of the silicate solutions available 
commercially are shown in the ternary phase diagram 
of Figure 2 by open circles. The line nearest the silica 
apex represents the series of products obtained by add- 
ing water to a 3.2-ratio glass. That next to it repre- 
sents those from a 2.0-ratio glass. The lines on the left 
correspond to metasilicate and sesquisilicate compo- 
sitions. The compositions of the commercially avail- 
able amorphous solids are indicated by solid circles. 
Those containing around 17 per cent water are spray- 
dried products. 

Crystalline Alkali Metal Silicates. Some properties 
of those crystalline alkali metal silicates whose ex- 
istence is adequately established experimentally are 
summarized in Table 1. Photomicrographs of eight of 
these are shown in the Frontispiece. The existence of 
the anhydrous compounds sodium metasilicate (Nae- 
SiO3) and sodium disilicate (NazSisOs) is well established 
by phase diagrams and by the optical properties of 
single crystals, as determined by Morey, Kracek, and 
collaborators. The phase diagram for the system 
NazO-SiO, is given in Figure 3. Recent work has indi- 
cated the existence of an anhydrous orthosilicate 
(Na,SiO,) and sodium “sesquisilicate” or “pyrosilicate”’ 


(NapSieO7) ° 
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Figure 2. Ternary Phase Diagram Showing Crystalline Silicates and 
Commercially Available Forms 



















































































TABLE 1. Crystalline Alkali Metal Silicates 
Melting Density Refractive Crystal Optical 
Ratio Formula point, °C. at 20°C. indices system properties 
2Na,0-Si0> Na,SiO, 1083,* 1120 
3Na.,0-2Si02 NagSizO7 1115 2.96 a = 1.524 Opt. negative 
y = 1.529 
3Na,0-2S8i0,-11H,O N;HSiO,-5H.0 88 a = 1.502 2V = 60° + 30 
B = 1.510 Birefringence = 0.008 
y = 1.524 Rhombic Biaxial 
Na,0-SiO» Na:SiO; 1086 a = 1.518 2V, large 
B =-1.520 Orthorhombic Opt. negative 
y = 1.528 Prismatic Biaxial 
Na,0-Si0»-5H,O Na»SiO;-5H20 72.20 1.749 a = 1.443 2V, 70° 
B = 1.452 Triclinic Opt. positive 
-y = 1.462 Pinacoidal Slight disp., v > r 
Na.O -SiO.-6H:O NavSiO;-6H2,O 62.85 1.807 a = 1.453 2V, 75° 
B = 1.462 Monoclinic Opt. negative 
vy = 1.470 Sphenoidal Dispersion: r > v 
Na,O-SiO.-8H2,O NaSiO;-8H,O 48.35 1.672 a = 1.458 ‘2V, 64° 
B = 1.460 Monoclinic Opt. negative 
y = 1.462 Prismatic Dispersion: r > v 
Na,O-Si0.-9H.O Na»SiO;-9H:O 47.85 1.646 a = 1.451 2V. = 90° 
B = 1.454 Rhombic Opt. positive 
y = 1.458 Bipyramidal Dispersion: r > v 
Na.O-2Si0» NaSirO; 874 a = 1.497 2V = 50°-55° 
B = 1.514 Orthorhombic Opt. negative 
7 = 1.508 Pinacoidal 
Na.O-48i0.-7H2O NaSigO9-7H2O a = 1.463 
B = 1.483(?) 
y = 1.483 
K.0-SiOs K.SiO; 976 a = 1.520 Orthorhombic 2V = 35° 
y = 1.528 Opt. positive 
Biaxial 
Dispersion: v > r 
K,0-SiO.-!/2H2O K.SiO;-!/2H,O 2V, large 
Opt. positive (?) 
K,0-Si0.- HO K.Si0;-H2O 370 High birefringence 
Opt. positive 
Biaxial 
K,0 - 2Si0O2 K.Si,0; 1045 2.54 a = 1.503 2V, large 
' ' y = 1.513 Orthorhombic = Opt. negative 
Biaxial 
K,0-2Si0.-H2O K.Si,0;-H.O 405 2V, small 
Opt. positive 
Biaxial 
K,0-48i02 K.SisOy 770 2.38 a = 1.477 Monoclinic or 2V, large 
: y = 1.482 triclinic Opt. positive 
Biaxial 
K,0-48i0.-H,O K.Si,O,-H2O 515 2.42 a = 1.480-1.495 Rhombic 2V = 69.5 
. y = 1.530-1.535 Opt. positive 
Biaxial 
Na,0- Li,O -48i0. NaLiSiO; 847 a = 1.552 2V, very large 
: B = 1.557 Orthorhombic 
y = 1.571 
2Li,0 -SiO» Li,SiO, Decomp. 2.39 a = 1.602 
vy = 1.610 
LizO - SiO. Li,SiO; 1201 w = 1.591 Uniaxial 
e = 1.611 
3Li,0 - 2S8i02 LigSi,Oz 1032 (incong.) a = 1.614 2V, very small 
B = 1.594 Opt. positive 
Biaxial 
Li,O -2Si0- LieSi,O; 1033 a = 1.547 2V = 50°-60° 
B = 1.550 Orthorhombic 
vy = 1.558 








* KRACEK [J. Phys. Chem.., 34, 1 583 (1930)] reports an incongruent melting point at 1120°, probably with decomposition. D’Ans 
AND LoFFLER [Z. anorg. allgem. Chem., 191, 1 (1930)] give a congruent melting point of 1083° and a transition at 960°. 
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Figure 3. Phase Diagram of Na:O-SiO: System [From Kracek, J. Phys. 


Chem., 34, 1583 (1930) | 


Numerous attempts to produce a definite hydrated 
sodium orthosilicate have not been successful. Ther- 
modynamic calculations by Dr. N. W. McCready of 
this Laboratory indicate that sodium orthosilicate would 
not be stable in contact with water at ordinary tem- 
peratures. 

A stable crystalline compound of the composition 
3Na20-2S8i02:11H2O was isolated about 1930. It is 
commonly referred to as sodium sesquisilicate. A name 
more in conformity with present nomenclature is ses- 
quisodium silicate. This compound may also be re- 
garded as a pentahydrate of trisodium orthosilicate, 
NasHSi0O,-5H,O. According to the International Union 
of Chemistry’s rules for naming inorganic compounds, 
it is to be regarded as the eleven hydrate of sodium 
(3:2) silicate. 

Sodium metasilicate was first reported in 1838 by 
Fritzche who described the six and nine hydrates. Al- 
though 12 additional hydrates have been reported 
since then, the éxistence of only the five, six, eight, and 
nine hydrates has been adequately established. A 
method for successfully producing the pure pentahy- 
drate on an industrial scale was developed for the first 
time in 1928 by C. L. Baker. Since then it has been 
commercially available as a white, dry, free-flowing, 
pure chemical and is used in large quantities as a de- 
tergent in laundries, dairies, textile, and metal-cleaning 
plants. Since it is somewhat hygroscopic the metasili- 
cate pentahydrate should be protected in humid atmos- 
pheres. Ordinary packages of wood or metal, asphalt 
lined or multi walled bags are used for shipment. 
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The pentahydrate melts in its own water of crystal- 
lization at 72.2°. The solution thus formed is so easily 
supercooled that crystallization does not ordinarily 
occur under usual conditions. 

The various metasilicate hydrates may be prepared 
by allowing a solution of the proper composition to 
crystallize or solidify, with or without seed crystals, at 
a temperature just under the melting point of the de- 
sired hydrate. 

Crystalline tetrasilicate hydrates of the general 
formula Na,O-48i029H2O were patented in 1939 by 
Wegst and Wills. Their use in enamels, cements, and 
cleaners is suggested. 

Other crystalline forms of the soluble silicates which 
have been reported in the literature but not thoroughly 
studied include one difficultly soluble and one readily 
soluble hydrated lithium metasilicate, a lower hydrate 
of sodium ‘“‘sesquisilicate,” three polymorphic forms of 
sodium disilicate, and two crystalline forms of potassium 
tetrasilicate. More work needs to be done*on the 
phase behavior of the systems R,O-SiO.-H,O where 
R,O is an alkali metal oxide. 

Potassium Silicates. None of the crystalline potas- 
sium silicates listed in Table 1 is commercially available. 
The available potassium silicate solutions have silica 
to potassium oxide ratios of 2.5 and 2.1 by weight, 
corresponding to molecular ratios of 3.9 and 3.3. They 
are sold at concentrations of 27.3 and 39.4 per cent, 
respectively. They are more expensive than the 
sodium silicates, so are used only when some special 











90 
80 F- 
NA2S!03'5H20) 
Ce MP 
ZPNAZSIO3 6H20 MP 
or 
> 
G é 
2 
» 50F- 
§ @NA2S1038H20 MP 
a ? 
é NAgSIOz'9H20 MP 
= 40 
® 
& 


30 


20 











<i l L l l aoe 


10 20 30 40 50 60 
Na2SiOs by weight 


Solubility of Sodium Metasilicate in Water | From Baker and 
Jue, J. Phys. Chem., 42, 165 (1938) | 


Figure 4. 





266 


property justifies the higher cost. Their comparative 
freedom from a tendency to effloresce or “bloom” 
makes them preferred for special paints, coatings, and 
binders. Their smooth flame and freedom from the 
yellow glare of sodium vapor causes welding rod 
coatings made from potassium silicates to be preferred. 
A high solubility and small tendency to salt out soap, 
together with a marked detergent action, lead to their 
use in liquid and rapid sudsing soaps. 

Physical Properties. Sodium or potassium silicates 
vary in their water solubility from the very soluble 
ortho, sesqui, and metasilicates to those silicates having 
a silica to alkali ratio greater than four, which are 
essentially insoluble. Even these can apparently be 
obtained as stable aqueous colloidal dispersions of 
limited concentration. The solubility of sodium meta- 
silicate is shown in Figure 4. In general the solubility 
of the silicates decreases with increasing silica content. 

The commercially available hydrated sesquisilicate 
and metasilicate pentahydrate dissolve freely and 
completely in water just as readily as sodium chloride. 
The former has a slight positive heat of solution whereas 
that of the latter is somewhat negative. Silicates of 
silica to alkali ratios greater thah about 2.5 appear to be 
essentially insoluble even in boiling water, although as 
mentioned previously, aqueous dispersions are prepared 
by special dissolving techniques. The isolation of a 
tetrasilicate may indicate that some of the more con- 
centrated siliceous silicate solutions of commerce might 
be supersaturated although they rarely, if ever, crys- 
tallize under ordinary conditions. 

The specific gravity of silicate solutions increases 
regularly with concentration. For a given concentration 
of solids the solution of the more alkaline silicate has 
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the higher specific gravity. The specific gravity of 
silicate solutions decreases regularly with temperature. 
The more concentrated the solution, the smaller is its 
coefficient of expansion. 

The soluble silicates may be regarded as salts of 
orthosilicie (H,SiO,), pyrosilicic (HsSizO;), metasilicic 
(H2SiO3), disilicic (H2Si,Os), and other silicic acids. 
Despite many attempts none of these acids has been 
isolated. The absorption of water by silica is more or 
less continuous. No definite break or flats in the vapor 
pressure vs. moisture content curve, indicating a defi- 
nite hydrate or compound, have been obtained. 

Since all these silicic acids are weak, their alkali- 
metal salts hydrolyze in solution, although not to the 
extent formerly believed. Even the most alkaline sili- 
cates in dilute solution are not more than 30 to 40 per 
cent hydrolyzed into colloidal silica and sodium hy- 
droxide. For ratios more siliceous than one to one and 
concentrations above molar, the per cent hydrolysis is 
less than six per cent. 

The pH of sodium silicate solutions of composition 
corresponding to the “orthosilicate,’”’ metasilicate, ses- 
quisilicate, disilicate, and “‘trisilicate” as a function of 
concentrations from 0.001 to 5 N are shown in Figure 5. 
The effect of soluble silica in reducing the pH and 
change of pH with concentration is indicated. Electro- 
metric titrations with acids show that the high pH’s of 
silicate solutions are maintained until almost completely 
neutralized and that soluble silica increases their buffer 
capacity. The regular decrease with temperature and 
soluble silica content up to the metasilicate is shown in 
Figure 6. Sodium metasilicate is more alkaline than 
trisodium phosphate, sodium carbonate, or tetrasodium 
pyrophosphate. Solutions of the more siliceous sili- 
cates have pH’s less than 
soda ash, although still 
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somewhat higher than those 
of tetrasodium pyrophos- 
phate of equivalent con- 
centrations. The pH values 
measured with indicators 
may be as much as 0.4 unit 
lower than those measured 
with the hydrogen electrode 
in concentrated solutions of 
the more siliceous silicates. 
This may be due at least 
partially to preferential 
sorption of one form of the 
indicator. The alkali-resist- 
ant glass electrode after 
suitable correction and 
standardization gives values 
agreeing well with those of 
the hydrogen electrode ex- 
cept at high concentrations 
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the formation of an acid silicate ion, HSiO;~. From the 
electrometric titration curve and the extent of hydroly- 
sis the first dissociation constant of the hypothetical 
metasilicic acid is calculated as 2 X 10 and the 
second as 9.5 XK 10716, 

Viscosities of varying weight normalities of different 
ratio silicates are shown in Figure 7. The viscosity at 
a given normality increases with the silica to alkali ratio. 
At ratios of three or greater the viscosity rises very 
rapidly above a certain normality. This concentration 
is lower and the rise more abrupt for the more siliceous 
silicates. The rise in viscosity is illustrated by the data 
for @ 3.2-ratio silicate. A solution containing 37.6 per 
cent solids has a viscosity of 1.8 poises at 20°C. At 
38.7 per cert solids the viscosity is 7.5 poises, at 39.0 
per cent 11.1 poises, at 39.4 per cent 100 poises, and at 
40.3 per cent of the order of 1000 poises. At the latter 
concentration the system is essentially a semisolid. 
The viscosity of solutions of the same concentration by 
weight is a minimum for a silica to alkali ratio just 
above two. Potassium silicates are usually more 
viscous than the corresponding sodium silicate at the 
same concentration by weight. ‘ 

The apparent viscosity. of concentrated solutions of 
the siliceous silicates varies quite considerably with the 
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rate of shear. Absolute viscosities of such solutions are 

not given by the Ostwald or flow types of viscometers. 
The falling ball or rotating cylinder types will. give 
absolute viscosities under the proper conditions, pro- 
v:ding suitable corrections are made. The indications 
of “structural viscosity’ in fairly concentrated systems 
of the siliceous silicates is in agreement with the colloi- 
dal nature of these systems. 

As expected, temperature decreases the viscosity of 
silicate solutions. The effect is larger for the more 
siliceous silicates. A common explanation for the 
marked decrease with temperature in the viscosity of 
lyophilic colloids, such as the siliceous sodium silicates, 
is that the hydration layer of the micelle or the amount 
of bound water is reduced. 

Crystalloidal and Colloidal Silicates.. The physical 
properties of solutions of the soluble silicates are in 
agreement with the theory that the alkaline silicates are 
crystalloidal, forming only simple ions in solution, 
whereas the siliceous silicates are colloidal. Colloidal 
properties begin to appear above a silica to alkali ratio 
of about two and are particularly evident above a ratio 
of three. This gradual transition from crystalloidal to 
colloidal is indicated by a decrease in the activity co- 
efficient of the silicate determined by freezing-point 
lowering, boiling-point elevation, vapor pressure, and 
determinations of the sodium-ion activity with the 
sodium-amalgam electrode. Transport numbers of the 
silicate also increase with the silica ratio to a high value, 
indicative of an aggregation of simple ions with or 
without colloidal silica or of a definite complex colloidal 












































ion. The electrical conductivity of silicate solutions 
150 | 
| 

2 100 | 
se 
| 
| 
atonal 
| 
| 
0 Lc 





0 1 2 3 4 5 
Concentration Nw 
Figure 7. Viscosity of Silicate Solutions of Different Ratio as a Func- 


tion of Normality (From Jd. G. Vail, ‘‘Soluble Silicates in Industry,” 
Chemical Catalog Company, New York, 1928, p. 148) 













268 


decreases greatly with silica to alkali ratio up to about 
two; the decrease in conductivity with silica to alkali 
ratio above this peint is very small. The temperature 
coefficient of conductivity increases with ratio up to 
two; above this ratio it decreases slightly. 

The gradual transition from crystalloidal to colloidal 
silicates is further shown by light scattering and mem- 
brane diffusion methods. The Tyndall scattering of 2 
molar sodium silicate solutions is small and practically 
constant below a silica to alkali ratio of 2.5. Above 
this ratio it increases greatly, indicating the presence 
of colloidal particles which increase rapidly in size. 
The more siliceous silicates contain some silica in a 
form which does not diffuse through a parchment or 
collodion membrane. The amount is not large, except 
for the most siliceous silicates, indicating that the 
colloidal particles are either quite small or in equilib- 
rium with simple ions or relatively small complex 
particles. Donnan-membrane equilibrium calculations 
have indicated that the average silicate micelle contains 
some nondiffusible sodium, but this has not yet been 
proved. 

The colloidal particles in the siliceous silicates are 
visible in the ultramicroscope. The change of ratio 
on diffusion shows the presence of several ionic species 
in all but the most alkaline silicates. 

Ammonium molybdate ‘reacts with the crystalline 
silicates, forming a greenish yellow silicomolybdate. 
Colloidal silica sols show no color with this reagent. 
The intensity of the color developed by the soluble 
siliceous silicates is far less than that expected on the 
basis of their silica content and decreases with the silica 
to alkali ratio. Although this reaction has been used 
to estimate the proportion of crystalloidal matter in 
silicate solutions, no complete study has been made of 
the ions producing the reaction nor of the relation be- 
tween concentration and intensity of color under various 
conditions. 

The soluble silicates may, like the soaps, be regarded 
as colloidal electrolytes. However, unlike the soaps 
and synthetic detergents, a variety of ions may be 
involved, and the equilibrium between simple ions and 
micelles is reached only very slowly. When one of the 
siliceous silicates is diluted, several hours are required 
for the pH and electrical conductivity to become con- 
stant. The slow reaction between the more siliceous 
silicates and sodium hydroxide can be followed by ob- 
serving the decrease in light scattering and number of 
ultramicroseopically visible particles, and the change in 
pH, electrical conductivity, and color formed with 
ammonium molybdate as a function of time. Very 
little quantitative work has been done on reactions of 
this type. . 

Chemical Properties. Silicates of soda are precipitated 
by most salts of the heavy metals but seldom, if ever, 
is a stoichiometric definite metal silicate produced, even 
with the crystalline metasilicate. The precipitate may 
contain varying ratios of colloidal silica, a basic salt, a 
hydroxide or hydrous oxide of the metal, or a colloidal 
complex or floc. For example, the color of the pre- 
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cipitate formed by the reaction between tenth molar 
copper sulfate and sodium metasilicate varies from 
light blue-green to deep blue. X-ray investigations 
indicate that this precipitate consists of varying pro- 
portions of two basic copper sulfates—4CuO-SO;-3H20 
and 3CuO-SO;:2H,O—and amorphous silica. Electron 
diffraction studies show that thin membranes made by 
the reaction of sodium metasilicate with copper sulfate, 
ferric chloride, and lead acetate contain “hydroxides” 
of these metals. 

When crystals of readily soluble heavy metal salts 
are placed in moderately concentrated silicate solutions, 
they become encased in a gel-like covering. This soon 
bursts or deforms due to the osmotic pressure of the 
concentrated solution formed by water diffusing through 
the membrane. This salt solution thus exposed is again 
covered with a membrane and this process repeated. 
Long filaments and curious growths are formed. 
Colored salts of copper, nickel, cobalt, manganese, 
iron, and uranium form “silicate gardens’ of great 
variety and beauty. 

Alcohol, glycerin, acetone, strong ammonia, and 
salt brine precipitate the silicates. These precipitates 
can be partially redissolved, but the solutions formed 
differ somewhat in viscosity from the original. 

Solid zine oxide, amorphous calcium carbonate or 
oxide, and some clays react with the soluble silicates, 
forming insoluble products. The reaction is more rapid 
with the alkaline silicates. Because of their alkalinity 
silicate solutions react with aluminum and zine, liberat- 
ing hydrogen. In solutions of the siliceous silicates, 
the metal soon becomes coated with a silicate film which 
essentially stops the reaction. 

Sols and Gels. The ability to form sols and gels is 
one of the most interesting and characteristic properties 
of the soluble silicates. When a solution of any one of 
them is mixed with a solution of an acidic material, 
the mixture gradually becomes opalescent and, if the 
silica concentration is above one to two per cent, sets 
to a gel. Solutions with a lower concentration of silica 
form silica sols whose highly hydrated colloidal particles 
are negatively charged except in moderately concen- 
trated acid solutions. All acids or acid-forming mate- 
rials, such as chlorine, sulfur dioxide, ammonium 
salts, bisulfates, and bicarbonates, form sols or gels 
under these conditions. Sodium aluminate, zincate, 
and plumbate solutions also form gels with soluble sili- 
cate solutions. > 

The time of set of the gel mixture increases with silica 
concentration, and, except above a. pH around 8.0, 
with temperature. For acetic acid gels at a fixed tem- 
perature and pH, it appears to be inversely proportional 
to the square of the silica concentration. The logarithm 
of the time of set is proportional to the reciprocal of the 
absolute temperature. The activation energy thus ob- 
tained of 17,000 calories per mol in acid and neutral 
solutions and 24,700 calories per mol in basic solution 
suggests that the rate-determining step of this gelation 
is a chemical process. The time of set is in some cases 
a minimum at a pH near that corresponding to complete 
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neutralization of theralkalinity of the silicate with acid. 
It is roughly proportional to the hydrogen-ion concen- 
tration in acid solution and to the hydroxyl-ion con- 
centration in basic solution. Added salts decrease the 
time of set. Nonelectrolytes have little effect except 
in fairly large amounts. Some, such as dulcitol, de- 
crease the rate of set. Others, as methyl alcohol, in- 
crease the rate of set, whereas still other nonelectro- 
lytes, for example glycerol, retard setting at some pH’s 
and increase it at others. Light appears to have no 
effect on the time of set. 

No change in conductivity and practically no thermal 
effect occurs as the gels set. Freshly set gels show syne- 
resis effects. Some silicic acid gels containing 1 to 2 
per cent silica are thixotropic. Gels formed in acid or 
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neutral solutions are firm, semisolid, elastic, and slightly 
opalescent; those formed in basic solutions are softer, 
probably because some silica dissolves above a pH of 8. 

According to the most widely accepted theory of gela- 
tion, the low molecular weight silicic acid first produced 
by neutralization of the silicate alkalinity by acid con- 
denses to form very large polysilicic acid molecules. 
These heavily hydrated, long, branched molecules form 
an interlaced fibrillar or brush heap structure which 
enmeshes the liquid. 

Silica sols are now finding commercial applications in 
water and textile treatments. Since dry silica gels 
absorb large amounts of many materials, they are used - 
industrially as desiccants, catalysts, adsorbents, and - 
for solvent recovery. 


e COLLEGE CHEMISTRY PROGRAMS 


Av a time when institutions of higher education are 
re-examining their curicular offerings, it is of interest to 
see what courses are now being offered in chemistry de- 
partments in the United States. For chemists the in- 
stitutions of special interest are those accredited by the 
American Chemical Society Committee on the Profes- 
sional Training of Chemists. For this survey the in- 
formation was obtained from the bulletins of the insti- 
tutions listed in Progress Report No. 11.! 

Technical institutions are omitted. Not all the 
bulletins of the liberal arts and ‘science institutions 
could be obtained. Paper shortages, printing difficul- 
ties, and the great demand for bulletins caused by 
record enrollments have all cut down on the availa- 
bility of some bulletins for individuals and even for 
libraries. However, since 98 bulletins were available, 
the results from these should give a characteristic cross- 
section of current practices. 

The general chemistry and qualitative analysis 
courses offer, perhaps, the greatest opportunity for 
variety in treatment, and affect the greatest number of 
students in a department. Since the A. C. S. does not. 
require qualitative analysis this work may be included 
in the general chemistry or quantitative analysis 
courses, or in both. This situation offers one possi- 
bility of condensing the rather extensive requirements 
for a chemistry major. The merits of either of these 
procedures or of a separate course in qualitative analy- 
sis will not be discussed here; rather the picture of cur- 
rent practices will be given. 

A number of questions immediately come to mind: 
How are colleges treating the general chemistry-qtalita- 
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tive analysis situation? Are they combining qualitative 
analysis with general chemistry, or with quantitative 
analysis, or both; or are they conducting separate 
courses in qualitative analysis? Are they requiring one 
term of qualitative work or are they requiring more? 
Are separate courses being given for the beginning 
students and those who took chemistry in high school, 
or are the two groups being joined in the case of chem- 
istry majors? Is an allowance being made for work done 
in high school by allowing qualified students to omit any 
of the work required for beginners? 

It was found that the general chemistry-qualitative 
courses prescribed for chemistry majors fall into seven 
patterns, with variations, of which only three occur in 
any appreciable proportion. Institutions operating on 
a quarterly basis do not fit readily into these patterns 
and so have been grouped together under an eighth 
section. The number following each*pattern indicates 
the number of institutions employing that major plan of 
work. 


PATTERNS 
B 1 Year general — 1 Year qualitative............... 11 
II. 1 Year general — '/, Year qualitative............. ae aa 
III. 1/2 Year general — 1/2 Year qualitative............. 2 
IV. 1 Year (general + qual.) — !/2 Year qualitative.... 2 
V. °1 Year (general + qual.) — (Qual. + quant.)....... 3 
VI. 1 Year (general + qual.) — Quantitative........... 20 
VII. 1 Year general — (qual. + quant.)................ 2 
VEIE.~ Three-quarter Atternes: io) Oa ol Sie cla dis 14 


Where an institution’s offerings for majors cut across 
different patterns the institution has been listed under 
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one main pattern, usually based upon the beginner, and 
the variation indicated. 

To condense the descriptions, ‘‘beg.”’ has been used 
to indicate students with no previous chemical training; 
“good H.S.” to indicate students with high chemistry 
grades from high school; ‘‘poor H.S.” to indicate stu- 
dents whose chemical background is not superior; and 
“HS.” to indicate all students with high-school chem- 
istry regardless of grade. The others are obvious. 


i, 1 Year General — 1 Year Qualitative 
A. Separate First-Year Courses for H.S. and Beginners 
1. No essential variation 1 


2. Qual. lab contains some physical chemistry 1 
3. Good HS. start with qual. if they pass an 


examination 
4. Poor H.S. take beginners’ course 1 
Total 4 
B. All First-Year Students Take Same Course 
1. No essential variation 5 


2. Special sections for beginners in first year 1 

3. Separate parallel course in chemical orien- 
tation and lab work; first term qual. 
contains some quant.; second term 


qual. has no lectures 1 
Toal=°°7 
a; 1 Year General — !/2 Year Qualitative 
A. Separate First-Year Courses for H.S. and Beginners 
1. No essential variation : 3 
2. H.S. follow pattern VI 2 


3. H.S. follow pattern VI; two (general and 
qual.) courses depending upon record 
of students 1 

4. H.S. have alternate of separate third 
course in. general with no Jab work in 
second half 1 

5. Normally follow pattern II, A 1 
Temporarily following pattern II, B 
with selected lab work and separate 
recitations for beg. 1 

6. Poor H.S. may take beginners’ course 1 

7. Good H.S. may start with qual. if they 
pass an examination 

8. Beg. take three terms general. Per- 
mission may be granted to take course 


with H.S. 1 

id : Total = 12 
B. All First-Year Students Take Same Course 

1. No essential variation 17 

2. H.S. may omit first term general 1 

Good H.S. by examination 1 


3. Special second term of general. Prereq- 
uisite more math. and permission 
4. H.S. regularly omit first term general 1 
H.S. may start second term general. 
Good H.S. may start alternate second term 
general. Very good H.S. may omit first 
‘ year 
6. Good H.S. omit first year general and 
take 1 year qual. 
7. Majors omit lab in second term general 


and take the qual. as parallel course 1 
8. Separate first term for beg. Good H.S. 

may follow pattern VI 2 
9. Normally offer pattern I, A with no lab 

S08, 21.8, 1 


10. Good H.S. follow pattern ITI with special 
one term general 4 
11. One extra class hour for beg. in first term 1 
Total = 33 
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III. +/2 Year General — !/2 Year Quad. 
A. Separate First-Year Courses for H.S. and Beginners 
None : 
B. All First-Year Students Take Same Course 
1. No essential variation 
IV. 1 Year (General + Qual.) — '/, Year Qual. 
hy Separate First-Year Courses for H.S. and Beginners 
1. Additional hours for beginners’. course, 


bo 


number depending upon ability 1 
B. All First-Year Students Take Same Course 
1. No essential variation 1 


V. 1 Year (General + Qual.) — (Qual. + Quant.) 
A. Separate First-Year Courses for H.S. and Beginners 


None 
B. All First-Year Students Take Same Course 
1. No essential variation . 3 


VI. 1 Year (General + Qual.) — Quantitative 
A. Separate First-Year Courses for H.S. and Beginners 


1. No essential variation 1 
2. Poor H.S. take beginners’ course l 
8. Poor H.S.,take beginners’ course. Less 
lab time for H.S. course 1 
Total= 3 
B. All First-Year Students Take Same Course 
1. No essential variation 11 


2. Normally offer option of one term qual. for 
second term containing. qual. 


1 

3. Special lab work for H.S. 1 

4. Separate sections for H.S. 1 

5. Qual. lab work both terms for H.S. 1 

6. Beg. take one extra class hour first term 1 
7. Beg. without high-school physics and 
three years high-school math. take one 

extra term general 1 

Total = 17 


VII. - 1 Year General — (Qual. + Quant.) 
A. Separate First-Year Courses for H.S. and Beginners 
None : 
B. All-First-Year Students Take Same Course 


1. No essential variation 2 


VIII. Three-quarter Patterns 
The numbers used in the descriptions indicate the 
number of terms devoted to the subject. The symbol (s) 
indicates that the separate treatment for H.S. and begin- 
ners is continued in that course. 
A. Separate General Courses for H.S. and Beginners 
1. 2 general — 1 (general + qual.) (s) > 


1 qual. 1 
2. 2 general — 1 qual. (s) 1 
3. 2 general — 2 qual. 1 


4. 1 general (Poor H.S. take beg. course) 
— 2 (general + qual.) 1 
Total= 4 
B. Same General Courses for H.S. and Beginners 
. 2general — 1 qual. > 3 (qual. + quant.) 1 
2 general — 1 (general + qual) —I1qual. 1 
3 general (beg. 1 extra hr.) — 1 qual. > 
2 inorganic 
31/2 general — 1 qual. 1 
. 2general — 1 qual. — 3 second yr. college 
chem. lectures 1 
. 3 general — 1 qual. 3 
3 (general + qual.) 1 
1 
0 


OND we wre 


2 general — 1 qual. 
Total = 1 


Although the size of the department may be a con- 
tributing factor in determining some of these patterns, 
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there appears to be no correlation between the number 
of teachers listed in the bulletins and the patterns under 
which they fall. Large, medium, and small depart- 
ments appear under one heading and often appear even 
under one variation. 

The growing interest in semimicro technique for 
qualitative analysis is indicated by the fact that 29 in- 
stitutions announce that they are using this technique. 

In Progress Report No. 11 the opinion was expressed 
that “the trend toward lecture courses almost to the 
exclusion of recitations, and classroom oral quizzes has 
been detrimental to the student from the standpoint of 
his poise and ability to get up on his feet and express 
himself clearly.” In this present study incomplete 
listings of hours devoted to each kind of work, ambigu- 
ous statements such as “class” and “lecture’’ to indi- 
cate total nonlaboratory time throughout some bul- 
letins, plus the equally ambiguous ‘‘lecture-recitation” 
to indicate total time all make it impossible to deter- 
mine to what extent formal lectures are supplemented 
or replaced by discussion and recitation hours. 

A rather large proportion, 39 of the 98, prescribe the 
whole four years of work for a chemistry major term by 
term, as they do for most preprofessional students. 
Eight others give partial outlines, and two more indi- 
cate that four-year charts are specified elsewhere. 

A comprehensive examination in the major field is 
required by 28, and eight others require comprehensive 
examinations in some departments but do not say if 
chemistry is among these departments. Two specify 
that they exempt students taking comprehensive ex- 
aminations from final examinations in the field of con- 
centration. These listings do not include honors majors 
who customarily take comprehensive examinations. 

Research in the senior year is required by 17 institu- 
tions, five of these 17 in addition to a comprehensive 
examination. Of the remaining 12 one is a college where 
the comprehensive examination is at the option of the 
department and it is not stated if chemistry requires 
such an examination. One other, an eighteenth, allows 
research in: place of the comprehensive examination at 
the option of the student. 

Courses in chemical literature are required by 34 of 
these institutions. These courses are usually given in 
the senior year. They are variously given as lecture, 
conference, and library problem courses. Seminar work 
is included in 16 of them. A total of 54 require some form 
of formal literature study if one adds literature, seminar, 
research, and qualitative organic courses, omitting 
duplicates. 

In 38 institutions no advanced required courses are 
specified. Many of these indicate possible choices, and 
many state that majors should, or must, consult ad- 
visors with respect to their choices. However, seven re- 
quire courses in the history of chemistry; 16 require 
courses in advanced inorganic, eight being lecture 
courses, one a laboratory course, six lecture-laboratory 
courses, and one an inorganic-physical lecture course. 
Advanced physical chemistry lectures are required by 
ten, a laboratory course by two, and a lecture-labora- 
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In addition to those who include 
qualitative organic work in the regular organic course 22 


tory course by one. 


others require separate courses in this subject. Ad- 
vanced organic lectures are required by 11 institutions- 
advanced synthetic organic laboratory courses by six, a 
quantitative and synthetic course by one, and a lecture- 
laboratory course with considerable quantitative work 
by two. Advanced quantitative courses are required by 
12 institutions. Six of the latter specify that they em- 
ploy instrumental methods of analysis. Assorted ad- 
vanced courses, usually one per college, are required by 
13 institutions. These include courses such as plant 
inspection trips, ambiguous courses such as “adyanced 
chemistry,” etc. In the case of.many organic, quanti- 
tative, and physical chemistry courses it is not possible 
to tell, because of insufficient data regarding hours, 
whether or not some of these courses are needed to com- 
plete an insufficient number of hours in the more ele- 
mentary courses. 

Departments in some of the larger universities often 
offer a number of general chemistry courses designed to 
meet the needs of home economics, pre-engineering, 


_ prenursing, agriculture, or forestry students, or other 


specialized groups. These courses have not been in- 
cluded in the patterns because they are not prescribed 
for chemistry majors. Occasionally a sequence of such 
special courses is offered for premedical students. In 
the smaller departments, serving colleges that are not 
parts of universities, these courses are absent or less 
evident, as would be expected. However, since all 
these institutions are liberal arts and science institu- 
tions, one might ask what offering is made for the arts 
student. who may not be interested in the somewhat 
more detailed courses but who wants to become ac- 
quainted with the subject on an elementary and perhaps 
broader level, including some treatment of scientific 
method, the relationship of one science to another, 
general applications to everyday life, etc. 

For the nonscience student 19 institutions offer 
courses of the survey or related types, usually including 
some work on astronomy, geology, chemistry, and phys- 
ics. These are usually one-year courses and they cus- 
tomarily involve participation by staff members of the 
various departments. Approximately two-thirds of 
these courses involve no laboratory work. The other 
third apparently has some laboratory work. Some in- 
clude field trips to nearby scientific plants. Twelve are 
optional for nonscience students, the other seven being 
required. In some cases they satisfy the whole science 
requirement, and in other cases they may be offered to 
satisfy part of this requirement. 

Terminal courses in chemistry are offered by 23 other 
institutions. Of this group P9 are one-year courses, the 
other four being 1 term. Descriptions are often vague 
but seven apparently have no laboratory work. As in 
the previous group of courses these sometimes fulfill the 
science requirement and in some cases they do not. 

However, 56 of these 98 institutions offer neither of 
the above types, their offerings being confined to the 
more detailed courses. 
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PREPARATION FOR COLLEGE 


Finally we come to the preparation of the high-school 
student who intends to major in chemistry in college. 
Can he save time in college by proper choice of subjects 
in high school? 

English: Certainly, he needs a good background of 
English composition and grammar. It is noteworthy 
that 16 of these institutions have subcollege level or 
remedial courses in this work, and students who do 
poorly in entrance tests or in first-year English take an 
extra term, usually with no college credit. 


Languages: Language requirements among colleges 
are most complex, being tied up with all sorts of options. 
Any tabulation of requirements would be an extremely 
difficult task. The A. C. 8. requirements for a chem- 
istry major comprise “the equivalent of two years of 
college instruction” inGerman. A reading knowledge of 
French is considered desirable. All colleges customarily 
allow credit for languages taken in high school. The 
extent of exemption allowed in college may be based 
upon the number of years taken, but frequently the ex- 
tent of exemption is based upon. performance on a test 
given at the college. It is noteworthy that 31 of these 
institutions state that complete exemption from the 
language requirement may be obtained if the student 
can pass a suitable test, thereby showing the required 
proficiency, and 23 require one year as a minimum in 
college despite any amount of previous preparation. 


Incidentally, since there is a growing interest in the 
possibility of Russian as a second language, 46 of these 
98 institutions now offer courses in Russian. 


Mathematics; The A. C. S. requirement in’ mathe- 
matics comprises the ‘‘equivalent of two years of college 
work which must include one year of differential and 
integral calculus.” 

The traditional prerequisites for calculus are one 
term each of trigonometry, college algebra, and analyti- 
cal geometry. It is customary to allow credit for high- 
school work in trigonometry and advanced algebra, and 
a student who offers one or both of these subjects for 
admission may omit the corresponding college course or 
courses. Only 33 of these institutions are still using this 
traditional pattern. 

In recent years many colleges have been introducing 
one-year courses, variously called “Freshman Mathe- 
matics,’ “Basic Mathematics,” “Elementary Mathe- 
matical Analysis,” etc. This one-year course is the pre- 
requisite for calculus in these institutions. There are 32 
institutions in this group. Most of them have dropped 
their former separate courses in the individual subjects. 
The usual prerequisites for these one-year courses are 
one and one-half units of algebra and one unit of plane 
geometry, although some colleges will admit a student 
with only one unit of each. Higher requirements are 
exceptional. If a student offers trigonometry. or ad- 
vanced algebra in one of these normal cases he, of course, 
has a better background for the basic course but he 
saves no time. 
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There are, however, a number of variations. Some 
departments have retained the individual courses, and 
in these cases probably permission would be granted to 
take the remaining separate courses instead of the 
integrated course. Thus a student offering trigonom- 
etry might take the separate college algebra and ana- 
lytical geometry courses. However, judging by pre- 
requisites, not all institutions will allow these two to be 
taken simultaneously. They require the college algebra 
first. Thus, the student very likely would have a more 
rigorous training but would not have taken his calculus 
any earlier than before. Some would allow him to take 
the two courses in the same term but this would often 
interfere with his other required freshman courses, 
especially where his four years are all charted for him to 
enable him to meet all the college requirements and the 
A. C.8. requirements also. 

A few colleges offer two such basic courses, placing 
those students who offer trigonometry in the more ad- 
vanced one which contains more analytical geometry 
and some calculus. This gives a student a better back- 
ground but does not affect his time requirement. 

In the remaining 33 institutions a variety of plans 
may be found. Ten have dropped formal courses in 
college algebra from the traditional sequence. These 
require one and one-half to two units of algebra and one 
of plane geometry for entrance as arule. Some prefer 
more. Five condense trigonometry and college algebra 
into a single term. Three combine college algebra and 
analytical geometry. Five have put the analytical 
geometry into the calculus course. The number of 
variations in courses taken and entrance courses re- 
quired in this group is too great to warrant charting all 
the possibilities here. 

From the standpoint of mathematics the high-school 
student who knows that he would like to study chemis- 
try in college is fortunate, but it certainly would pay 
him to decide as early as possible where he would like 
to do his college work and see what combination of 
courses would give him the best background and save 
him the most time in college. For most high-school 
students probably the best choice would be one and one- 
half to two units of algebra, one unit of plane geometry, 
and if possible, one-half unit of trigonometry. 


SUMMARY 


It can be seen from the material presented above that 
there is little uniformity in current practice even within 
a group of institutions whose major curricular offerings 
in chemistry and related subjects conform to the re- 
quirements of the A. C. 8. However, there is a larger 
and more serious problem which has not been dis- 
cussed—namely, a growing tendency, in the interest of 
general education, to increase the number of broad 
science and nonscience courses required for students in 
the first two years of college. As this movement grows 
it will become increasingly difficult for a chemistry 
major to meet the rather extensive requirements of the 
A. C.S. 
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Fort Knox is an interesting place to visit, and so is 
the Bank of England, and so are the mile-deep gold 
mines of the Rand, but no one of them contains the 
world’s biggest lump of gold. That honor is held by the 
ocean, the world’s greatest mine of gold and most other 
metals. The ocean carries enough gold to make a cube 
240 feet (a little less than one-twentieth of a mile) on 
an edge. This gold would weigh eight and one-half 
million tons and would be worth today at $35.00 an 
ounce over seven thousand billion dollars. 

Six years of war with 30-million men throwing steel 
and copper and lead at one another took a heavy toll 
of the world’s minerals. Mines were robbed of their 
richest ores—iron ore for steel, bauxite for aluminum, 
copper, lead, and tin ores for auxiliary munitions. 
Mica, quartz, molybdenite, tungsten, beryllium, etc., 
deposits were removed. So thoroughly were some mines 
depleted that metallurgists began to fear a permanent 
scarcity of some of the world’s common metals. If the 
backward nations, backward industrially, begin to use 
metals like the forward ones, the scarcity will apparently 
come soon, war orno war. Minerals do not renew them- 
selves annually like cotton and wheat, nor do they grow 
like trees to be cut every 50 years. When they are gone, 
they are gone, except for what is recovered in the form 
of scrap and used and reused again. Where are we 
going to get our metals or their ores when our present 
mines give out? 


OUTCROPPING MINES 


There are two places where we can properly look for 
them. Our gold, copper, lead, and other mines of today 
were practically all found because the ore ledges stuck 
out of the surface of the ground where people could see 
them. Someone threw a rock at a wandering burro in 
Idaho, noticed that it (the rock) was extra heavy, and 
discovered the famous Coeur d’ ‘Alene lead deposit. 
Copper veins often have a rusty or green colored look 
on the surface, and many a lucky prospector has felt 
the matchless thrill of seeing little specks of dull gold in 
the white quartz he has broken off from the outcrop of a 
vein. The red iron ores of the Birmingham Valley in 
Alabama were easy to see, and even the Indians knew 
they were something out of the ordinary. But there is 
reason to believe that plenty of other large deposits 
exist that do not show at all on the surface. A few of 
these have been found, purely by chance, when drilling 
for water or some other purpose. 


HIDDEN MINES : 


Oil and gas, on the other hand, rarely show on the 
surface, and to find them we have had to devise means 
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of “seeing under the ground.” The oil men call this 
“geophysical prospecting.” Half a dozen different 
devices are used—seismographs (artificial earthquakes), 
magnetometers (sensitive magnetic needles), gravity 
meters, and geochemical, electrical, and radioactive 
methods. These devices are being applied now to other 
minerals, not just oil and gas, and we ought to have the 
same successful results here as in the oil industry. 
Indeed, a Russian named Lukisky has recently worked 
out a new method of locating minerals hidden very 
deeply underground. There are probably just as many 
good ore bodies completely hidden underground and 
waiting for exploitation as we have found outcropping 
at the surface. 


THE OCEAN 


But besides all this we have a mine all ready and 
prepared for us, with the ore analyzed, the composition 
fairly uniform, and the quantities really unlimited. 
No land to buy, no expensive prospecting, no shafts, 
no tunnels, no costly ventilation systems, no timbering. 
A suitable location on the sea coast, pumps, a process 
not too costly for extracting the metal from the water, 
and we are all set. The ocean is the world’s greatest 
mine. 

How many tons of water are there in all the oceans— 
the Atlantic, Pacific, Indian, Arctic, and Antarctic? 
Well, there are about 300-million cubic miles of ocean, 
and each cubic mile contains 4.75-billions tons of water. 
If we multiply these two figures together we get 14.25 X 
10’” tons for the weight of all the sea. How to express 
this number in words is a:puzzle. 

The next thing to learn is: How many pounds of the 
different metals and other materials are found in one 
ton of sea water? A few of these figures are given below, 
starting with the largest. Most of them are approxi- 
mate only. : 


A short ton (2000 lbs.) of sea water contains about: 


Material Pounds Material Pounds 
Common salt 55 Iodine 0.00009 
Magnesium 2.54 Iron 0.00004 
Sulfur 1.75 Copper 0.00002 
Calcium 0.8 Lead 0.00001 
Potassium 0.75 Zine 0.00001 
Bromine 0.125 Uranium 0.000003 
Strontium 0.025 Silver 0. 0000006 
Boron 0.008 Gold zi 0.000000012 
Fluorine 0.0025 Radium 1 <X 10-33 


The entire ocean holds, therefore, to take a few ex- 
amples, 4 X 10'* tons of salt, 2 X 10 tons of mag- 
nesium metal, and 9 X 101% (ninety-thousand billion) 
tons of bromine. The world uses now about 30-million 
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tons of salt a year, only 275,000 tons of magnesium, and 
60,000 tons of bromine. Evidently we are not going to 
run out of these materials soon. And better still, the 
magnesium and bromine and salt are not lost by use, 
but go back to the earth in one way or another and by 
slow degrees find their way again into the ocean. The 
rains have been leaching these materials in one form or 
another from the earth and carrying them down into 
the sea for millions of years, and man is merely helping 
in his feeble way. 

From where did the ocean get its salt, magnesium, 
bromine, etc.? Water is a wonderful solvent, and warm 
rains soaking into the earth dissolve a lot of things, 
carrying them slowly to the nearest stream, then to the 
nearest river, and finally down to the sea. When the 
sun “draws water” from the ocean, it draws pure water 
and leaves these things behind, and the pure water, as 
clouds, moves over on the land, descends as showers, 
and leaches more salt and bromine and magnesium to 
go down to the ocean. The ocean should be getting 
richer in salt and other minerals, but man has not been 
watching it long enough to notice any real change. 


VARIABLE COMPOSITION 


Is the composition of the ocean the same everywhere? 
Apparently not, as.evidenced by the story of Fritz 
Haber, the famous German chemist, the originator of 
gas warfare, and the discoverer of low-cost nitrogen 
fertilizer. Haber was a patriotic German who saw 
Germany crushed under a postwar load of reparations 
after World War I. How were these to be paid? If it 
were possible to extract profitably the gold known to 
be in the ocean, an easy way of paying the debts with- 
out burdening German economy was at hand. With 
the aid of the Hamburg-American Steamship Company 
he set to work and perfected a way of extracting the 
gold from a synthetic, artificial sea water. But when 
sea water from many localities was analyzed for gold, 
the amount turned out to be quite variable. Apparently 
the gold is not dissolved in the sea water but is merely 
floating in it. Nearly everywhere it ran far below the 
figures given by earlier scientists, and only in two 
places were figures obtained that offered any hope. One 
of these was San Francisco Bay, the other the tumul- 
tuous seas that lie between Newfoundland and Lab- 
rador. So Haber gave it up, remarking at the end of 
the description of his work that there might be enriched 
areas where gold mining of sea water would pay but 
that he was not going to look for such a “needle in a 
haystack.” Whether future ocean prospectors will 
accept Haber’s word as final remains to be seen. 


SALT 


The first mineral to be mind from sea water was un- 
doubtedly salt. Both animals and men crave salt, 
although Stefansson, the Arctic explorer, claims we can 
all get along without it if we have to. If we trap sea 


water when the tide rises and let the hot sum work on it 
to evaporate the water, we get “solar’’ salt with all the 
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other solids that were in the water, not a very palatable 
salt indeed, but good enough for preserving fish and 
capable of further purification. Only warm sunny 
coasts with a low and predictable rainfall lend themselves 
to this. North Africa and San Francisco Bay are 
examples. Solar salt is still made in large amounts on 
our west coast. 

The American Civil War had one salty episode little 
known today. There were shortages then as in 1944, 
but of different things. Salt was desperately scarce in 
the Confederacy although the South is now rich in salt, 
and salt black markets, while not so called, flourished 
widely. Small plants to maké salt by evaporating 
sea water were set up along the Florida coast, especially 
in St. Andrews Bay (near Panama City), and every now 
and then Federal gunboats would sail into the Bay, 
shoot up these plants, and depart to make another visit 
later. 


BROMINE AND MAGNESIUM 


They who go down to the sea for chemicals will ever 
remember the name of H. H. Dow, the founder of the 
Dow Chemical Company. Coming to the United 
States from Belleville, Ontario, he started a small plant 
at Midland, Michigan, where deep wells had reached a 
flow of mineral water that held notable amounts of mag- 
nesium, bromine, and many other elements. Bromine 
was his object, and he soon became a major producer of 
this useful substance. But the other things in the 
mineral water were going to waste, which did not please 
him at all, so one by one he began to find uses for them. 
From salt in the brine he madetaustic soda and chlorine; 
to find a use for chlorine he made chlorbenzol, and to 
use his caustic soda and chlorbenzol, he made phenol 
(carbolic acid) from them by a new process. The 
magnesium in the water was another loss, so be began 
to see how it could be extracted. Magnesium was then 
a rare metal, sold by the ounce or pound, and sparingly 
used. It is lighter than aluminum, and if cheap enough, 
would be a valuable structural material for aircraft as 
well as a useful incendiary for firebombs. 

Soon lead tetraethyl, the anti-knock material in 
ethyl gas, which calls for bromine in its manufacture, 
was discovered. The demand for bromine jumped four- 
fold. Efforts were made to extract it from Atlantic sea 
water in a floating plant, the good ship “Ethyl.” But 
later the Dow Gompany and the du Pont organization 
joined forces in a land plant on the Carolina coast near 
Wilmington where the major part of America’s bromine 
was for some years extracted from the cold waters of the 
Atlantic. Later during the war a similar plant was 
built at Freeport, Texas, near the magnesium installa- 
tion. Here surely is one company that need never 
worry about the exhaustion of its raw material. 

The start of the war found the Dow Chemical Com- 
pany the sole producers of the metal on this continent. 
Their capacity at Midland, where they took it from 
deep well waters, was far too small to supply the United 
States in a war, not to mention the Allies. And no one 
else had the “know how.” Hence their whole experi- 
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ence was placed at the dis- 
posal of Uncle Sam, and a 
huge plant built near Hous- 
ton on the Gulf of Mexico 
where sea water, much 
poorer in magnesium than 
the Midland wells, became 
the raw material. Remem- 
ber that one ton (2000 Ibs.) 
of sea water holds only two 
and one-half lbs. of magnes- 
ium. Oyster shells to make 
lime, salt to make chlorine, 
natural gas to produce elec- 
tric power all had to be pro- 
vided for the process. Al- 
though other and probably 
more expensive ways of 
making magnesium were 
also put into practice, in- 
cluding Kaiser’s plant at 
Permanente, California,'this 
tremendous Dow plant in 
Texas was the backbone of 
the nation’s magnesium f 
supply. Plenty of the metal © 
for air craft and incendiaries 
was made and, as an anti- 
climax, the Dow Chemical 
Company was promptly at- 
tacked by the Department 
of Justice because in prewar 
years it had exchanged data 
with foreign companies. 

Many chemical industries 
use salt as their raw ma- P 
terial, especially the alkali and chlorine industry, and 
in Scandinavia sea salt has served as a starting point for 
soda ash. So we may say that salt, magnesium, bro- 
mine, and soda are products of the sea just.as surely as 
oysters. 


OTHER ELEMENTS 


But what about the other elements? How about 
gold, copper, silver, potash (for fertilizer), boron, and 
especially uranium. A ton of sea water holds very little 
of any of these, hardly enough to make us go after them 
directly. Is there any hope of getting gold and uranium 
and iodine, etc., from the ocean without going broke in 
doing it? 

Well, Fritz Haber, as already mentioned, thought it 
worth trying for gold, but did not quite make a success 
of it. Salt, magnesium, and bromine—numbers 1, 2, 
and 6 on our list—are already being mined, but what 
about 3, 4, and 5—sulfur, calcium, and potassium? 
It may be too expensive to extract these directly in 
comparison with present land methods, but mention 
of potassium suggests another way. ‘ 

If direct methods fail, we can fall back upon indirect 
ones. Plants, both land and sea, have the curious power 


Lime. 


The Dow Magnesium Plant at Freeport, Texas, Is Seen Above. 


Extracted from the Magnesium Chloride. 
Is Taken from Sea Water and Converted into Ethylene Dibromide for Addition to Anti-Knock Gasoline. 






Courtesy of the Dow Chemical Company 
The Circular Vats on the Left Are 
the Dorr Tanks in Which Sea Water Is Reacted with Slaked Lime to Precipitate Magnesium Hydrate. 
Beyond These Are Piles of Oyster Shells and the Two Long Ro ary Kilns in Which They Are Burned to 
To Their Right Are the Moore Filter for Filtering Out Magnesium Hydrate and Evaporators Where 
Magnesium Chloride Liquor Is Concentrated and Magnesium Chloride Extracted in Flake Form for Cell 
Feed. The Long Black Buildings in the Center Are the Cell Buildings Where Metallic Magnesium Is 


In the Left Background Is the Ethyl-Dow Plant Where Bromine 


of abstracting certain materials from the soil and the 
water and storing them up in their own tissues. The 
horse tail (equisetum) takes up silica and gold, the loco 
weed takes up barium, while certain sea weeds pick up 
from the sea water large amounts of potassium and 
iodine. When the weeds are burned these elements are 
left in the ashes. This used to be the commercial way 
of getting these two substances. Copper, zinc, barium, 
and many other elements have also been detected in 
the ashes of sea plants. Sea animals (oysters) remove 
calcium carbonate from the ocean to make themselves 
shells, and lime and cement are produced in many 
places from these: shells. Why not, then, in some 
sheltered bay deliberately cultivate sea plants which 
absorb the wanted element, boron or beryllium perhaps, 
harvest them periodically, and recover the metal. What 
is needed is a thorough study of aquatic plants to see 
what they will pick up and perhaps the development of 
new varieties, just as we have produced strains of sugar 
beets with high sugar content. 

Uranium: But uranium is the interesting element 
today. The ocean contains three lbs. of uranium to 
every hundred pounds of iodine, and iodine is easily 
extracted from certain sea weeds—indeed, that is where 
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it was discovered. The ocean contains 250 times as 
much uranium as it does gold, about 2,150,000,000 
tons. Of this no doubt 15,500,000 tons (2/14) of the 
total) is uranium-235, enough to run the power plants 
of the world for aeons to come. 

Is it not possible that some variety of aquatic plant 
may be found or developed which will extract uranium 
from sea water and thereby make it available to us? 
Indeed the extraction may well be selective so that one 
isotope will be more easily extracted than the other. 
It is well known that certain hydrated minerals, like 
gypsum, are richer in “heavy” water than is ordinary 
tap water. This is a project that might properly be 
tried out in one of our oceanographic laboratories at La 
Jolla, Woods Hole, or Friday Harbor. 


OCEAN POWER 


One of the other possible products of the ocean— 
although not a mineral one—is power; not tidal power 
either, although that too has been studied. In certain 
places, notably along the coast of Cuba, deep water, 
very deep water, comes close to shore. Surface water is 
warm, deep water is cold, and where we have differences 
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The Brown Alga Pelagophycus from the Pacific (From the Smithsonian 
Scientific Series) 
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Sargassum from the Coast of Florida, Characteristic of the Sargasso Sea 
(From the Smithsonian Institution Series) 


of temperature and can get heat to flow from the high 
to the low, we can produce power. Near Matanzas in 
Cuba, George Claude, the famous French engineer, set 
up before the war a power plant based on this principle, 
bringing up cold water in a pipe from the depths and 
using it to condense vapor from the warm surface 
water. His plant worked, but like most pioneering ef- 
forts there were defects in it, and the project was tem- 
porarily given up. However, this, along with tidal 
power, atomic energy, and wind mills should be put in 
our list of future power sources as coal soars to astro- 
nomical prices and perhaps oil and gas give out. 


FOOD MINING 


If we can speak of “‘mining’’ for food, the ocean be- 
comes a still greater mine. No figures are at hand for 
the weight of fish, oysters, shrimps, and other living 
creatures taken annually from the seven seas for human 
consumption, but millions of people in maritime coun- 
tries like Great Britain and Japan eat more sea food than 
meat. Prospecting for rich fishing grounds by airplanes 
and dirigibles will soon be common practice and should 
add a lot to our food supply. 

Also complex organic acids are coming from the 
giant seaweed (kelp) along the coast of British Colum- 
bia and California. Photosynthesis, the chemical re- 
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action we have not yet been able to duplicate in the 
laboratory, goes on in the upper layers of the ocean 
just as on land, and if the world population continues 
to increase as it has in the last half century, we are 
going to need all the help the sun can give us in provid- 
ing food for it. 
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The great civilizations of the world, the intellectual 
and aesthetic advances, have all occurred close to the 
sea coasts, not on the steppes and high plateaus of the 
continental interiors. If we make good use of the riches 
of the ocean, the coastal strip may likewise be the seat 
of the world’s material wealth. 


% A SIMPLE APPARATUS TO DEMONSTRATE 
WALDEN INVERSION 


Tue explanation to students of the way in which sim- 
ple displacement reactions take place and of the mecha- 
nism of Walden inversion-is simplified * greatly by the 
use of an adequate model. A simple device for this 
purpose that can be made by anyone and closely simu- 
lates what actually happens in a displacement reaction 
is illustrated in Figure 1. It consists of three wooden 
balls of different colors mounted as a rigid triangle and 
a fourth light-weight bali of tinned iron sheet attached 
by threads to the three wooden balls in such a way that 
when the threads are extended, it forms the center of a 
tetrahedron. . It is held in this extended position by an 
Alnico magnet which forms the fourth corner of the 
tetrahedron. The magnet is attached by means of a 
saddle to a slotted bar running in a guide. At the op- 
posite end of the slotted bar is an identical magnet 
mounted in the same way. A center stop in the slot 
limits the movement of the slotted bar in such a way 
that as the magnets are moved rapidly from one ex- 
treme position to the other, the metal ball swings from 
one magnet to the other, thus inverting the tetrahedron. 
If desired, the magnets may be made to simulate spheres 
by filling in the center and rounding out the sides with 
Plaster of Paris. It is convenient to have three mag- 
nets, two of like color and the third of a different color, 
so that one may demonstrate racemization as well as 
retention of activity. ; 

Although suitable dimensions can be arrived at 
readily, it may be of value to describe the construction 
of a satisfactory model in some detail. Three wooden 
balls, approximately 2.5 cm. in diameter and differing 
in color (from a molecular model set), were made the 
apexes of an equilateral triangle by boring holes in them 
at the proper angle and joining with 18-cm. lengths of 
3/s-inch welding rod. A fourth ball was fashioned 
from the wall of a tinned food can by cutting from a 
flattened section an eight-petalled daisy, having petals 
4 em. long and 1 em. wide, and bending the petals to 
form a sphere. The points of the petals were fastened 
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together by a’ drop of solder. Equidistant about the 
circumference of the sphere were soldered three eyelets 
made as small as possible from 22-gage copper wire. 
Black silk threads were tied to the eyelets and the ends 
of the threads plugged into holes in the three wooden 
balls, adjusting the lengths of the threads so that they 
held the metal ball in the desired position when they 
were extended. The rigid triangle was fixed in a ver- 
tical position by screwing two of the balls to a board 25 
em. wide and 35cm. long. The magnets were mounted 
on the slotted brass bar by saddle posts, the center of 
the magnets being 6 cm. above the base and the dis- 
tance between the posts 29.5 cm. The slot was 16 cm. 
long and 0.5 em. wide and the center stop 1 cm. long. 
It is well to have the slot long enough so that the mag- 
nets come almost in contact with the extended metal 
ball. Then they can be kept the desited distance away 
from the ball by making the center stop of the proper 
length. The slotted bar was limited to a linear motion 
by brass guides. All parts except the spheres and mag- 
nets were painted a flat black. 








Model to Demonstrate Displacement Reactions and 
Walden Inversion 


Figure 1. 








a PIERRE CURIE—An Appreciation 
of his Scientific Achievements 


, Pierre Curie (1906) 
Oil Portrait by V. Shkurkin 


Wore rue advent of the “Atomic Age” an interest 
has developed in the historical sequences that led to its 
inception. One of its most fundamental concepts was 
radioactivity which resulted from the discovery of 
radium by Pierre and Marie Curie (1896). It’s story 
has been retold time and again,? but few give any in- 
dication of the genius of Pierre Curie nor realize that 
he was already a distinguished scientist prior to marry- 
ing Marie. Pierre Curie was a great scientist whose 
fundamental discoveries in the fields of piezoelectricity, 
crystals, radioactivity, and symmetry have contributed 
a great deal to the advancement of modern physics and 
physical chemistry. Unfortunately his early death 
prematurely ended his work, but a review of the con- 
tributions he made in his short life span leaves little 
doubt as to his genius. 

Pierre Curie was born in Paris on May 15, 1859. His 
family were of the petite bourgeoisie. Eugene, his father, 





1 Present address: University of California, Berkeley, Cali- 
fornia. 
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Dorchester, Massachusetts 


was a physician and in turn the son of a physician. 
Another son, Jacques,* was three and a half years 
older. It was a close family, bound by deep affection 
and kindred intellects. While Pierre was still a child, 
it became apparent that he was of an independent and 
dreamy nature. His parents recognized his inability to 
fit into a prescribed school and took his education upon 
themselves. In addition, from many excursions into 
the surrounding countryside, Pierre Curie acquired a 
deep appreciation for natural science. The quiet it 
offered for serious contemplation complemented his 
personality. His interest in natural phenomena was 
further encouraged by his father and brother. This 
early education was supplemented by a private tutor, 
A. Brazille, who taught him Latin and mathematics. 
.Brazille recognized unusual latent abilities in Pierre. 
This unconventional schooling culminated in 1875 with 
the award of a Bachelier és Sciences, when he was 16. 

Pierre Curie then went to the Sorbonne for further 
studies. Here he assisted Le Roux‘ of the School of 
Pharmacy in the preparation of physics lectures. It 
was then that he also began collaborative investigations 
with Jacques, who was a chemical assistant at the 
school. In 1877, having satisfactorily completed the 
prescribed curriculum, he received the Licencié es 
Physique (Master’s degree). 

The ability of Pierre attracted the attention of De- 





2 There have been many accounts written on the Curies but 
few are authoritative. Most emphasize the discovery of radium 
and little else. The following, which have been used in part in 
preparing this paper, are recommended for future reference: 

(1) Lanegvin, P., ‘Pierre Curie,” Rev. mois, July 10, 1906. 

(2) “Oeuvres de Pierre Curie,” Gauthier-Villars, Paris, 1908. 

(3) Curt, M., “Pierre Curie intime,”’ Rev. Bleue, 61, 217 (1923). 

(4) Curtin, M., “Pierre Curie,” Payot, Paris, 1924, translated into 
English by CHARLOTTE AND VERNON KELLOG, with an 
introduction by Mrs. Witit1amM Brown MALoney and 
autobiographical notes by Marre Curis, ‘Pierre Curie,” 
The Macmillan Company, 1923, Reissue, 1932. 

(5) “Le mouvement scientifique contemprain en France: Les 
Sciences Physico-Chemique’,’’ Payot, Paris, 1925. 

(6) Curie, E., “Madame Curie (1867-1934),” translated by V. 
SHEEAN, Doubleday Doran, Garden City, N. Y., 1937. 

(7) Grvevet, A., “Pierre Curie et les premieres découvertes de 
V énergie atomique,’”’ Flambeaux, Paris, 1946. : 

3 Paul-Jacques Curie, born in Paris in 1855, worked with 
Friedel on pyroelectricity and collaborated with Pierre on the 
discovery of piezoelectricity (1880). In 1893 he became head 
lecturer in mineralogy at the University of Montepellier and 
retired because of deafness in 1925. He died in 1941. His son, 
Maurice Curie (1888- ), has been active in radioactive work. 

‘ Francois P. Le Roux (1832-1907), Professor of Physics and 
Superintendent of the School of Pharmacy. 
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sains,> the director of the University laboratory, and 
Mouton,® the assistant director. The latter extended 
an appointment as physics laboratory assistant to 
Pierre, which he accepted. It was in this position that 
Pierre Curie commenced original experimental work. 
The first productive research was with P. Desains 
on the determination of the wave lengths of infrared 
rays employing a novel system, a thermoelectric ele- 


‘ment and wire grating. The results were incorporated 


in a paper, “‘Recherches sur la determination des longueurs 
d’onde des rayons calorifiques @ basse temperature,” which 
appeared in the Comptes Rendus (1880).7 It was his 


first published work. This was followed, in the same ~ 


year, by two additional publications which emanated 
from the collaborative investigations with Jacques. 
They had discovered that ‘‘some crystals when com- 
pressed in particular directions show positive and nega- 
tive charges on certain portions of their surfaces, the 
charges being proportional to the pressure and dis- 
appearing when the pressure is withdrawn.”* The name 
“‘piezoelectricity” was given to the new effect.’ This 
was no accidental discovery. Pierre Curie’s previous 
studies of pyroelectric phenomena and the symmetry of 
crystals enabled them to predict such an occurrence. 
The work was accomplished at Friedel’s” laboratory 
where Jacques was preparator. In the first memoir the 
preparation of flat plates cut with the proper orienta- 
tion is described. The effect of pressure on crystals of 
zinc blende, sodium chlorate, boracite, tourmaline, 
quartz, calamine, topaz, tartaric acid, cane sugar, and 
Rochelle salt is presented. The brothers continued 
their study of the new phenomenon, establishing the 
quantitative laws that govern the effect. Accurate 
measurements of the piezo effect in quartz and tour- 
maline were made (1881). A natural continuation was 
the elucidation of the converse action, the production of 
a compression in piezoelectric crystals-by an electric 
field. Actually the Curies had not foreseen this, but it 
was predicted by Lippmann" on the basis of the ther- 
modynamic principles. This phase of the research was 





.5 Paul Quentin Desains (1817-85), physicist, professor at the 
Sorbonne, made extensive investigations of the infrared spectrum. 
6 Jean Louis Mouton (1844-95), a distinguished physicist who 
died almost immediately after writing his doctoral thesis (see 
M. Cau.uery, ‘French Science and its Principal Discoveries 
since the 17th Century,” New York, 1934). 

7 A full chronological bibliography of Pierre Curie’s publica- 
tions is given at the conclusion of this paper. 

8 Capy, G.C., “Piezoelectricity,”” McGraw-Hill Book Company 
Inc., New York, 1946, p. 2. 

9 Wilhelm G. Hankel (1814-99), a German physicist’ who 
recognized that the effect would obey its own laws and proposed 
the name “‘piezoelectricity” (from the Greek ‘‘to press’ and “‘fire’’) 
which was acceptable to all. 

10 Charles Friedel (1832-99), a French chemist and mineralo- 
gist, who worked on pyroelectric properties of crystals, artificial 
production of minerals, ketones, and aldehydes and investigated 
with James Craft the synthesis of aromatic homologs (Friedel- 
Craft Reaction) and synthesized glycerin. 

11 Gabriel Lippmann (1845-1921), a French physicist who pre- 
sented the principle of the conservation of electricity} devised a 
method of color photography, invented the capillary electrometer, 
and won the Nobel Prize in physics in 1908. 


279 


difficult because of the small deformations encountered. 
A small room was put at their disposal by Desains and 


Mouton. Other papers followed (1881-82) verifying 
Lippmann’s prediction. It was shown that quartz had 
a piezoelectric coefficient of the same value for the 
direct and converse effect. A practical application was 
made by Pierre and Jacques Curie in the design of a 
piezoelectric quartz electrometer. Unfortunately their 
close collaboration lasted but a few years, for in 1883 
they separated. Jacques went to the University of 
Montpellier as chief lecturer in Mineralogy and Pierre 
became director of laboratory work at the School of 
Physics and Chemistry of the City of Paris. The out- 
put of such outstanding experimental results was re- 
markable, for Pierre was but 21 and Jacques 25. They 
were later awarded the Planté prize for their work. 

The School of Physics and Chemistry was destined to 
be Pierre’s home for 22 years. Initially there was little 
opportunity for experimental work, for the complete 
organization of the laboratory was in his hands. Al- 
though scarcely older than his students he was treated 
with respect, for his simplicity and modesty drew them 
close. He gave freely of his time and experience. Since 
he could not immediately resume his experimental re- 
search he again took up his mathematical studies. It 
was at this period that he became engrossed in the 
theoretical relations of crystallography and physics. 
He published (1884) a paper, ‘Sur les questions d’ordre: 
Répétitions,” which was one of his first fundamental 
reports on the symmetry of crystals. In the same 
year another memoir presented a general discussion of 
the concept of symmetry and its repetitions. An im- 
portant study on the formation of crystals and the capil- 
lary constants of their different faces also appeared. 

The series of theoretical investigations published in 
1893-95 yielded a general enunciation of the principle 
of symmetry :? “ “When certain causes produce certain 
effects, the elements of symmetry in the causes ought to 
reappear in the effects produced....When certain ef- 
fects reveal a certain dissymmetry, this dissymmetry 
should be apparent in the causes which have given 
them birth....The converse of these two statements 
does not hold, at least practically; that is to say, the 
effects produced can be more symmetrical than their 
causes.” The results in this field are of a fundamental 
nature. Although he was later to leave the study of 
crystals, it always remained a close interest. In part, 
it was his intimate knowledge of nature that suggested 
the various manifestations of symmetry. 

Several years passed before any laboratory or funds 
were alloted to Pierre for experimental research, and 
then it was only through the aid of Schutzenberger.'” 
For working space Pierre Curie used an outside corridor 
and sometimes, when not in use, the students’ labora- 
tory. An occasional return on vacations to work with 
Jacques brought forth further reports on piezoelec- 
tricity (1889). Pierre Curie’s resumption of laboratory 





12 Paul Schutzenbérger (1827-97), a French chemist whose 
chief work was in physiological chemistry, fermentation, and 
dyestuffs. 











280 


investigations is marked by a study of periodic precision 
balances for least weights. This work produced a 
particularly valuable instrument. The inquiry covered 
the theory of damped movements and oscillation. It 
was done with student assistants. A simultaneous 
study of the magnetic properties of materials as a func- 
tion of temperature (to 1400°C.) was instigated in 1891. 
The work covered five years. The summation was 
presented by Pierre as a Doctor’s thesis before the 
Faculty of Science of the University in 1895. It ex- 
emplifies the full experimental maturity of its author. 
The Curie Law states: ‘“The properties of diamagnetic 
materials are in general independent of temperature and 
field strength, but for paramagnetic compounds, the 
susceptibility is nearly inversely proportional to the 
absolute temperature.’’!% 

Pierre Curie was 35 when he obtained his doctorate. 
It mattered little for ‘his only passion was .research. 
His refusal of academic honors and his reluctance to 
solicit advances were responsible, in part, for his lack of 
means. Despite poor facilities and inadequate support, 
he had established himself as a scientist of the first 
order, not only in France but in other countries. It was 
through the intervention of friends that a chair of 
physics was offered to him in 1895. 


18 GLassTONE, S8., “A Textbook of Physical Chemistry,” D. 
Van Nostrand Company, Inc., New York, 1946, p. 611. 
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In 1894, shortly before receiving his doctorate, Pierre 
met Marie Sklodowska,' a young Polish student at the 
Sorbonne. Curie was not readily affected by women, 
for his deep interest in science had long ruled out mar- 
riage. From childhood he was an introvert and gave 
little of himself to others. Of those few who intimately 
knew him, he bestowed without reserve a rich full de- 
votion. With Marie it was different. The friendship 
that grew into a deep love has now become a classic. 
“The conjuncture which brought together from two 
very distant points (Paris and Warsaw) these two in- 
dividuals, as similar as they were rare, is truly miracu- 
lous. Though brought up apart and in very different 
ways, they were as alike with regard to essentials as two 
individuals can possibly be. Their irrationalism, their 
passionate love of truth and of science, their indifference 
to money and fame, their innate austerity were equally 
deep and genuine.’”’* They were married in July, 1895. 

At this time, “Pierre Curie had a very individual 
charm made up of gravity and careless grace. He was 
tall. His clothes, cut on ample old fashioned lines, 
hung a bit loosely about his body, but they became 
him; he had much natural elegance. His hands were 
long and sensitive. His,regular, almost motionless face, 
lengthened by a rough beard, was made beautiful by 
his peaceful eyes with their incomparable look, deep 
and serene, detached from all things. Although this 
man maintained a constant reserve and never lifted his 
voice, it was impossible not to notice his expression of 
rare intelligence and distinction.’’? © 

After their marriage, Pierre again resumed his work 
on crystals while Marie prepared for examinations. 
The preparation of the new course consumed much time. 
His comprehensive lectures on crystallography and 
electricity found no equal in Paris. Consequently, his 
experimental work was once more curtailed, as the few 
publications during this period attest. The birth of a 
daughter, Irene,* in September, 1897, added to his 
financial responsibilities. 

Immediately after the birth of Irene, Marie returned 
to the laboratory. Her imagination was excited by the 
experiments of H. Becquerel!” who had accidently dis- 
covered that uranium compounds emitted a penetrating 
radiation. She decided to make the study of this phe- 
nomenon, which she later named radioactivity, the sub- 
ject of her doctoral thesis. After the examination of 
many salts, measuring the effect with a Curie elec- 
trometer and piezo quartz, she investigated the proper- 


14 Marie Sklodowska (1867-1934) was born in Warsaw where 
she studied with her father. She went to the Sorbonne in 1891 
where she met and married Pierre Curie. She received the doc- 
torate in 1904 and succeeded Pierre as Professor of Physics at the 
Sorbonne (1906). She won the Nobel Prize in chemistry in 1911. 

1 Sarton, G., Jsis, 28, 480 (1938). 

16 Trene followed her parents’ footsteps in physics. She mar- 
ried Frederic Joliot, a physicist. Together they won the Nobel 
Prize in physics (1935). They have two children, Pierre and 
Jeannine. 

17 Antoine Henri Becquerel (1852-1908) was the son of Ed- 
mond Becquerel (1821-91) and the grandson of Antoine Becquerel 
(1788-1878), both physicists who also made important contribu- 
tions to chemistry and physics. 
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ties of some minerals. The activity of pitchblende, a 
uranium ore, was found to be so great that she suspected 
the existence of some new element. Pierre, who had 
followed his wife’s work with keen interest, abandoned 
his erystal work to aid in the isolation of the unknown 
element. After many tedious fractionations, the ex- 
istence of two new elements became a certainty. The 
first, polonium (named after Marie’s homeland), was 
announced (July, 1898) in a joint paper, “Sur une sub- 
stance nouvelle radioactive contenue dans la pechblende.”’ 
The discovery of radium was reported in December. 
Their work was handicapped throughout by the lack of 
facilities. Most of the investigation was done in an 
abandoned shed which gave little protection from the 
weather. As the work progressed it became apparent, 
because of its increasing magnitude, that it should be 
divided. It was agreed that Pierre would investigate 
the radioactive properties of the new compounds while 
Marie would continue the purification of the salts with 
the isolation of the elements as an ultimate goal. 

In 1899 Pierre and Marie Curie published a paper on 
induced radioactivity. This was followed, in the same 
year, by still another joint effort on the chemical effects 
of the radiations. Pierre also independently studied the 
action of magnetic fields on radium emanations. At 
the Congress of Physics in 1900 a general review of their 
researches was presented. 

Although the work had been split, it was still too 
much for them both so several collaborators were in- 
vited. George Sagnac,” a physicist who was interested 
in the relation of X-rays to radioactive radiations, 
joined the Curies in 1900. He worked with Pierre on 
the determinations of the electric charge carried by the 
secondary rays. Another, André Debierne,” also 
worked with Pierre and Marie. He discovered actinium. 

At this period an increase in income became impera- 
tive. An assistant professorship at the Polytechnic 
School (March, 1900) was accepted. Shortly after, an 
offer of the chair of physics at the University of Geneva 
was made. Due to the interruptions such a move would 
cause in their work, it was refused; however, a position 
to teach a general science survey course at the Sorbonne 
arose, to which Pierre was appointed. Marie further 
supplemented their income by teaching physics at a 
girls’ normal school. Although Pierre’s new work was 
fatiguing, he found some time to continue his investiga- 
tive pursuits. A paper on induced radioactivity with 
Debierne appeared in 1901. Further studies on the same 
subject, work on the conductibility of dielectric liquids 
as affected by radium and X-rays, the laws that govern 
emanations, and the discovery of the heat liberated by 





18 Tt has been suggested that the violent ventilation of the 
shed by winds was chiefly responsible for saving the Curies from 
radium poisoning [see W. SwirTosLawskI, Bulletin of the Polish 
Institute of Arts and Sciences in America, 3, 208 (1945)]. 

19 George M. Sagnac (1869-1928), later Professor of Physics at 
the University of Lille and Professor of Physics in the University 
of Paris. 

2% André Louis Debierne (1874- ), a French chemist, dis- 
covered the element actiniym and later collaborated with Marie 
Curie on the isolation of radium. 
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radium were some of the problems that occupied him at 
this time. In addition, he reported with others on the 
diffusion of radium emanations in air, on the radio- 
active gases in the thermal springs, on the physiological 
effects of the radium rays, and on an apparatus for the 
determination of magnetic constants. 

The first years of the 20th century were difficult for 
Pierre but appreciation was not far off. In 1903 the 
Royal Institute of London invited him to lecture on 
radium. While there, he collaborated with Dewar™ 
on a study of the discharge of heat by radium at very 
low temperatures and upon the formation of helium. 
Almost simultaneously the Davy Medal of the Royal 
Society and the Nobel Prize in physics (1903, with H. 
Becquerel) were awarded to the Curies. Due to Pierre’s 
poor health because of overwork, it was June, 1905, be- 
fore they could go to Stockholm to accept the award. 
Pierre gave the Nobel lecture.22 The money they re- 
ceived permitted Pierre to turn his teaching duties over 
to Paul Langevin,”* a former pupil. Unfortunately the 
publicity brought new demands on his time. A second 
daughter Eve*4 was born in 1904, France suddenly 
realized Pierre’s genius and hastened to create a new 
chair of physics for him at the Sorbonne (1904). Again 
the change with its new duties kept Pierre from his re- 
search. It is little wonder that the year 1905 saw no 
new publications. Slowly he returned to his study of the 
radioactive gas discharge from mineral water. “Sur 
la radioactivité des gas qui proviennent de l’eau des sources 
thermales’’ was his last paper, for on April 19, 1906, he 
was instantly killed by a heavy wagon. It was an un- 
fortunate fate that the flow of his creative efforts should 
cease so prematurely. 

The genius of Pierre Curie, aside from his radioactive 
studies, was shown in his early independent work on 
piezoelectricity, crystal symmetry, magnetic properties, 
etc. As tothe share he contributed to the investigations 
with Marie, it is best to recall the words of Eve Curie: 

We cannot and we must not attempt to find out what should 
be credited to Marie and Pierre—it would be exactly what the 
husband and wife did not want. The personal genius of Pierre 
Curie is known to us by the original work he had accomplished 
before his collaboration. His wife’s genius appears to us in the 
first intuition of the discovery, the brilliant start; and it was to 
reappear to us again. Solitary, when Marie;Curie, the widow, 
unflinchingly carried the weight of a new science and conducted 
it, through research, step by step, to its harmonious expansion. 
We therefore have formal proof that in the fusion of their two ef- 
forts, in this superior alliance of man and woman, the exchange 
was equal.?(® 





21 James Dewar (1842-1923), a Scottish chemist and physicist, 
who worked on spectroscopy and the specific heat of hydrogen. 
He first produced liquid hydrogen, devised the Dewar flask, and 
studied properties of materials at low temperatures. 4 

22 NorstepT, P. A., “Zes Prix Nobel en 1903,” Stockholm, 
1906. 

23 Paul Langevin (1872-1946), a French physicist known for 
his application of piezoelectricity to submarine detection (World 
War I); he studied secondary X-rays, the properties of ions in 
gases, the kinetic theory of gases, magnetism, and relativity. 

24 Eve Curie became a concert pianist as well as the author of 
many books. One of the best is the splendid biography of her 
mother.?‘® 
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A LIBRARY PROBLEM IN 


QUANTITATIVE ANALYSIS 


Ix rue course of buying, making, using, and selling 
materials, modern chemical industry operates largely on 
the basis of laboratory tests and analyses. The major 
part of the data is obtained by standardized, routine 
methods, and the work may be highly repetitive. Under 
competent supervision determinators are much used in 
such cases. An example is the steel mill, producing 
plain carbon steel, where day after day hundreds of 
determinations are made for carbon, manganese, 
phosphorus, silicon, and sulfur by means of well-known 
methods. . : 

In contrast to this routine analytical problem, that. 
presented by alloy steels may be relatively complicated. 
In the latter material it is now common to find from two 
to five, or more, elements other than the “big five” 
already mentioned. If these constituents should be 
chromium, molybdenum, titanium, tungsten, and 
vanadium, for example, the high-school determinator 
trained for the titrimetric method for manganese would 
hardly know what to do. 

Many products, such as ferrous and nonferrous alloys, 
now contain a number of elements once uncommon. 
Such added constituents usually complicate the analyti- 
cal procedure. A striking example is the recent use of 
about a thousandth of a per cent of boron in certain 
steels. To meet such a resulting analytical problem, 
there is needed an analyst with a broad knowledge of 
the facts of chemistry and physics which are relevant to 
the situation at hand. The chemistry is that required to 
bring the desired constituents into condition for meas- 
urement, and the physics is that underlying the instru- 
ment and its use for the required measurements. To 
meet a new situation, the analyst may be able to adapt 
an old method or he may have to devise a new proce- 
dure. 

In attempting to get seniors and graduate students to 
think through the problems involved, the author has 
found difficulty even when the discussion dealt with 
well-established procedures, such as those for brass or 
limestone. Many individuals seem to forget the pos- 
sible effects of the presence of one constituent upon the 
determination of another, particularly when separations 
are involved. That this and other important points 
often are not realized or taken into account has become 
increasingly evident in the course of héving students 
devise a method for given constituents and present a 
report of the proposed procedure. The purpose of this 
paper, therefore, is to suggest a library problem designed 
to give the student some simple experience in suggesting 
a procedure based on facts to be found in the literature. 

Presumably any system of compatible constituents, 
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of the number desired and in any relative amounts, 
might be assigned. The combinations and possibilities 
are almost unlimited when one contemplates all the 
elements, radicals, and compounds known, together 
with all the naturally occurring substances. Thus, some 
400,000 organic compounds alone have been prepared. 


FACTORS INVOLVED 


A method of analysis intended for determining several 
constituents in a given sample will depend upon a num- 
ber of factors, such as the following: 


1. Amount of Sample. Small amounts of sample 
may necessitate micro or even ultramicro methods. 
Otherwise, macro methods are generally less exacting in 
requirements of skill and equipment. 

2. Composition of Sample. Devising a procedure for 
determining desired constituents presupposes knowing 
what they are. Each chemical element, radical, and 
compound has its own individuality in terms of proper- 
ties which must be taken into account in any method. 

8. Amounts of Desired Constituents. Whether the 
desired constituents are present in major or trace 
amounts must be known or determined. This is because 
methods for trace constituents, such as emission spec- 
trometry and currentometry (polarography) are limited 
to low ranges of composition. 

4. Accuracy of Results Required. If nothing less than 
the highest attainable accuracy will suffice, one must 
use the method capable of yielding such results. Often, 
however, such data are neither desired nor worth while. 
If so, a less exacting method should be the choice. 

5. Time Required for a Determination. To an in- 
creasing extent in industry speed has become almost 
the dominant factor. In such a case the most rapid 
method is desirable, provided its reliability will suffice. 

6. Apparatus and Services Needed. Many new 
methods require expensive apparatus and. unusual 
operating facilities. -As yet only the most modern and 
well-equipped laboratories may be expected to have 
items such as a quantometer, a mass spectrometer, or a 
photoelectric spectrophotometer with a Miiller-Hilger 
double monochromator. Specification of such methods 
is out of the question, therefore, in many laboratories. 

7. Skill of Operating Personnel. Methods employ- 
ing involved chemical transformations and intricate 
measuring apparatus necessitate more competent per- 
sonnel than simpler procedures. As a rule, the simpler 
the measuring equipment and the processes of treatment 
and separation, the more easily the whole method may 
be routinized for determinator personnel. 
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SUGGESTED PROBLEM 


As a beginning exercise, the author has found it in- 
structive to assign a hypothetical alloy of at least four 
elements, with the limitation that each constituent 
should be assumed to be present to the extent of 20 to 
3) per cent. The possibilities are thus simplified, since 
methods for constituents in trace amounts are elimi- 
nated. Likewise inapplicable are methods involving 
measurement of some systemic property of a binary 
mixture. ; 

Analysis of such an alloy will vary greatly in diffi- 
culty, depending upon the nature of the component 
elements. Specific assignments should be suited somé- 
what to the background and capabilities of the student. 
Some selection from the simple groups so often used in 
teaching qualitative analysis is probably easiest. An 
example is aluminum, copper, lead, and sodium. Diffi- 
culties multiply when one includes elements whose 
chemistry is less familiar and more involved, such as 
molybdenum, tungsten, and vanadium. For individuals 
who seem qualified, selections such as the following are 
suggested: Cd, Ge, Li, Sc; Na, Se, Y, Zn; Be, K, Mo, 
Sr; Fe, Ra, Rb, Th; Al, Cs, La, W; Cu, In, Sb, Ti, 
Ag, Ce, Ga, Ni; Co, Mg, Sn, Zr; Ca, Cb, Pb, Re; As, 
Ba, TI, U. 


REFERENCE DATA 


At this stage the student needs factual information 
on possible methods of handling the combination of 
elements involved. The most generally useful reference 
sources are monographs and treatises, some of which 
are listed at the end of this paper (/, 2, 3, 4, 8, 9). Oc- 
casionally useful facts may be found in the more com- 
prehensive textbooks for quantitative analysis (5, 10). 

Whatever the sources used, the relevant items needed 
for each element will involve its chemistry and methods 
for its measurement. Of chief chemical importance ara 
the reactions and means that may be used to accom- 
plish any preliminary treatment and/or separations. 
Examples are dissolution, change of valence state, 
formation of complexes, and separation by an appro- 
priate means. Of chief physical interest are the methods 
of measurement applicable to the situation at hand. 

Lead may be taken as an example. The metal is 
soluble in several acids, such as nitric and concentrated 
sulfuric. In general, analytical processes involve the 
bivalent ion in solution. If separation is necessary, 
there are various possibilities. Since lead melts at 
328°C., volatilization of the element may be feasible 
directly, provided heating serves to free the element 
from other constituents. Precipitation from aqueous 
solution is more promising, since the solubility is suffi- 
ciently low for the sulfate, chromate, oxalate, carbonate, 
molybdate, sulfide, and probably others. Turning to 


electrodepositon, the element is handled almost ex- 
clusively as the dioxide at the anode. Extraction proc- 
esses are relatively unpromising in this case, but their 
possibility should not be excluded if the other elements 
have suitable characteristics. 
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For measuring the element, in the amount involved, 
the first consideration goes to gravimetry or titrimetry. 
Certain other methods, such as densimetry or refrac- 
tometry, although possible after suitable separations, 
are in comparison too involved operationally to secure 
an accuracy of 0.1 per cent. 


SELECTION OF METHOD 


Having listed the possibilities of dissolution, separa- 
tion, and measurement for each element in the alloy, 
the student should then be ready to select from these 
possibilities a combination of methods which seems 
most likely to be workable for the sample as a whole. 
The final procedure should be (a) applicable to the con- 
stituents and the amounts under consideration, (b) 
capable of yielding results of the desired reliability, (c) 
as rapid as possible without sacrificing desired relia- 
bility, and (d) feasible with the apparatus and facilities 
at hand. 


For such a quaternary alloy’it is obvious that certain 


kinds of measurements. on the ‘sample as such are in- 
applicable. Thus, no single measurement of a property, 
such as mass, density, or electrical conductivity, can 
provide data for calculating four unknowns. Because 
of the concentration ranges specified, methods for trace 
amounts of constituents are eliminated. In view of 
current enthusiasm in a variety of new methods and 
equipment, it is not without interest to find that 
gravimetric and titrimetric methods of measurement re- 
main the most generally useful for a wide variety of 
samples. 

The number of samples needed depends upon subse- 
quent operations. One sample will suffice if the method 
involves separating each constituent in turn before 
measurement. If it is possible to measure each com- 
ponent in the presence of the other three and thus avoid 
separations, much time can be saved by starting with 
four samples. Many students seem not to realize that 
few manual operations in quantitative analysis require 
less time than weighing with a damped chainomatic 
balance. 

About the only possibility of handling the sample in 
the solid state would be successive separations of the 
constituents by volatilization. Although this process 
has been used with certain alloys, the apparatus re- 
quirements are stringent and applicability is limited. 

Dissolution of the sample is the most generally prom- 
ising approach to handling such an alloy. Usually the 
solvent will be an acid or a mixture of two or more. 
Analysts generally prefer to dissolve the sample com- 
pletely before starting separations or measurements. 
Occasionally, as in the treatment of brass with nitric 
acid, one constituent is converted in the dissolution 
process into an insoluble compound which can then be 
removed by filtration. In general, however, this type 
of extraction (selective dissolution), leaving one or 
more elements undissolved, has not been found feasible. 
Having ascertained possible solvents for each element, 
the student must then decide which medium will best 
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expedite subsequent operations. Thus, if the alloy 
should be soluble in several different acids, including 
nitric, and if lead is to be separated by electrode- 
position, then this acid would be the choice. In some 
other situation the presence of nitric acid might be 
quite undesirable. 

If measurement has been narrowed down to gravi- 
metric and titrimetric methods, probably first considera- 
tion should go to the possibilities of titration. Many 
industrial analysts would give first choice to a procedure 
involving the use of four samples and the titration of 
each constituent in the presence of the other three, thus 
avoiding all separations. Although this ideal can seldom 
be achieved, the possibility should be investigated, for 
at least some of the constituents might be determined 
in this way. This means first getting the sample into 
solution. Then comes the question of possible titration 
reactions. Investigation of the chemistry of each ele- 
ment shows that such reactions involve neutralization, 
oxidation-reduction, precipitation, and complexation. 
Real ingenuity may be shown here in working out pos- 
sible titrimetric procedures. The measurement might 
be titrimetric, of course, even though a prior separation 
is necessary. 

If measurement without prior separation seems un- 
feasible, attention must be directed to methods of 
getting the elements apart. Four principal processes 
are available: volatilization, precipitation, electrode- 
position, and extraction. Whether some one of these 
methods or a combination of two or more will. be best 
for the given alloy will depend upon the properties of 
the individual components. Again the student has a 
kind of puzzle to put together. 

Only a few of the elements may be volatilized from 
solution in: the form of compounds. Examples are 
arsenic, antimony, and germanium as the chlorides. 
Such a possibility implies a word of caution about avoid- 
ing loss of such a constituent while attempting to dis- 
solve a sample by boiling with hydrochloric acid. 

Extraction has already been mentioned in connection 
with handling the solid sample. From a solution of the 
sample, probably partition processes offer the chief 
possibility for elements present in the amounts being 
considered here. The separation of ferric chloride in 
this way by means of diethyl ether is probably the best 
known published example. The compounds so separa- 
ble by means of immiscible solvents seem to be limited 
to those having covalent bonding or having certain 
complex structures. 

Although electrodeposition methods are somewhat 
more versatile than volatilization or extraction methods 
for such alloy samples, the widely used procedures are 
not numerous. It seems likely that the list might well 
be extended, particularly by employing the recently 
described equipment fitted for the automatic control of 
the cathode potential. 

The final general method, precipitation, remains as 
the most versatile and widely applicable means for 
effecting separations in solutions of the alloying ele- 
ments. Here again, what is feasible or preferable must 








be decided’ in terms of the compound-forming charac- 
teristics of each element concerned. Perhaps the best 
general approach to the problem is in terms of the group 
separations recommended by Lundell and Hoffman 
(6). Even though satisfactory separation may be 
accomplished in this way, the individual compounds so 
obtained may not be weighable as such. If not, they 
must be converted to a suitable form or measured in 
some other way. 

In recommending certain precipitants, as well as 
incidental reagents, students often fail to consider the 
necessity of avoiding complications in subsequent opera- 
tions. The precipitant may react with more than one 
ion, or its excess cannot easily be removed, if necessary 
to prevent some interference. This point should im- 
press the method builder with the wisdom of the general 
use, if possible, of reagents such as ammonia, am- 
monium salts, hydrogen peroxide, bromine water, and 
hydrogen sulfide. 

Two recommendations often made by students for 
the alkali elements illustrate other points to avoid. 
The first is to determine three of the four elements ahd 
then take the fourth by difference. In accurate analyses 
this practice is not acceptable because of the uncertainty 
of the errors cumulating on the three constituents meas- 
ured. The second is to precipitate the alkali element 
and handle it like the others. If there has been proper 
selection of reagents in prior operations, it may be 
easiest to evaporate the solution with excess sulfuric 
acid in a platinum dish and weigh the resulting alkali 
sulfate. 


FORM OF REPORT 


First the written report should list for each element 
the methods of separation and measurement which the 
reference sources indicate as most likely to be usable 
for the percentages specified. 

Next would come the general statement of the pro- 
cedure recommended for determining each element in 
the alloy. The author’s preference is illustrated, of 
course, by the form followed in his textbook (7). A 
synoptic statement of the over-all method, including a 
summary of the most significant steps, introduces the - 
procedure. There follow the actual ,operating details 
for making the separate determinations. Each step 
involving a general operation is paragraphed. Ex- 
amples are selection and preparation of the sample, 
measurement of the sample, preliminary treatment of 
the sample, and separation and measurement of each 
constituent. Finally, in single-spaced or small type 
come any ‘notes thought to be advisable. It is rec- 
ognized, of course, that operative details and notes can- 
not be stated at this stage with any degree of certainty. 
Only laboratory test of the method on known samples 
would provide the experience necessary to settle the at- 
tendant uncertainties. 


OTHER KINDS OF SAMPLES 


Although the author has restricted beginning assign- 
ments to hypothetical alloys, any experienced analyst 
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will recognize the general applicability of such a prob- 
lem. One interested in mixtures of organic compounds 
could just as well work in this direction by emphasizing 
different methods of separation and measurement. Or 
another might be more interested in considering only 
minor constituents. Ag mentioned earlier, the number 
and combination of constituents, in all possible relative 
amounts, leave no dearth of possible assignments. The 
combination selected is chiefly a matter of the kind of 
analysis to be emphasized and of how difficult the prob- 
lem is to be made. 
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* APPARATUS FOR LOW-TEMPERATURE DRYING 


Aursover the technique of drying materials in the 
frozen state has been in use for some time, it has re- 
mained largely a research procedure. This is due in 
part to the fact that the apparatus commonly used, such 
as that described by Campbell and Pressman! is rela- 
tively costly since its fabrication requires the skill of 
an expert glass blower. 

The author feels that many protein and enzyme 
preparations made in biochemistry and biochemical 
preparations courses are well worth preserving, and the 
following apparatus was constructed to meet the need 
for a simple and relatively inexpensive freeze drier. 

The accompanying sketch is largely self-explanatory 
although a few details are worth noting. The number 13 
rubber stopper at the top was bored with a piece of iron 
pipe turned down to the proper dimensions. The out- 
let tube running through the bath of alcohol and dry 
ice acts as a safety trap, although in practice the ice 
layer on the cold finger rarely reaches half way to the 
outlet. The ring neck of the 500-ml. boiling flask was 
removed just below the ring before insertion into the 
stopper. 

The procedure used was the following. The inner 
tube was half filled with ethanol and dry ice was added 
until excessive ebullition ceased. During this time 50 
to 100 ml. of protein solution was poured into the 500- 
ml. flask (inserted in the stopper) and frozen in a thin 
layer on the walls by rotating in an alcohol-dry ice bath 
until a slight snapping sound was heard. The stopper 
bearing the flask was then inserted firmly into the large 
tube and the vacuum of a Cenco Hyvac pump applied. 





1 CAMPBELL, D. H., anp D. Pressman, Science, 99, 285° (1944) 


F. J. REITHEL 
University of Oregon, Eugene, Oregon 


Although the stoppers did not allow the attaining of the 
best vacuum of which the pump was capable, yet the 
performance was quite satisfactory. For example, 50 
ml. of a 2 per cent protein solution was dehydrated in 
three hours. y 


12 MM. 





—— 500-ML. RING NECK 
BOILING FLASK 
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A LABORATORY APPARATUS FOR CATALYTIC 


OXIDATIONS IN THE VAPOR PHASE 


In tHE teaching of industrial catalytic processes in the 
undergraduate chemistry laboratories, instructors are 
often confronted with the problem of providing an ap- 
paratus which is efficient enough to illustrate the prin- 
ciples to be studied and the cost of which is still within 
the budget of the department. 

A simplified laboratory apparatus for vapor phase 
catalytic studies has been described by Wendland (1). 
The apparatus which will be described in this paper was 
found to be efficient for the vapor oxidations of certain 
benzene derivatives with side chains. The materials 
which were used in its construction were cheap and are 
available in the average college laboratory. 


THE DESCRIPTION OF THE APPARATUS 


In designing an apparatus for vapor phase oxidation 
some of the principles which should be considered are 
(1) the selection of a catalytic chamber which is inert 
to the reacting substances, (2) the size of the catalytic 
chamber, (3) the immediate removal of the products 
formed in the reaction, (4) the recovery of the unreacted 
materials, (5) accurate temperature measurement, and 
(6) the preheating of gases. The apparatus (shown in 
Figure 1) consisted essentially of a flowmeter, air drying 
tower, furnace, reaction chamber, and recovery cham- 
bers. The flowmeter was of the same type used by 
Lee (2). The substance oxidized was introduced into 
the reaction chamber by the method described by 
Brown and Henke (3). The furnace consisted of two 
main parts which were the heating element and the 
reaction chamber. The heating element was con- 
structed from an iron pipe three inches in diameter and 
nine inches in length. The pipe was first covered with a 
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Figure 1 


E. E. O’BANION 


Prairie View University, Prairie View, Texas 


layer of asbestos paper which was cemented to the pipe 
with sodium silicate. When the paper was dry, the 
pipe was wrapped with No. 18 chromel wire and the 
wire was covered with two layers of alumdum cement. 
This was wrapped with several layers of asbestos paper 
and painted with aluminum paint. Covers for the top 
and bottom of the furnace were made from tin cans. 

The reaction chamber was made from stainless steel 
pipe ten inches in length and three-fourths of an inch 
in diameter, threaded at both ends. The upper end of 
the pipe was fitted with a cap which had a small hole 
for the thermometer and which was threaded with an 
opening for an iron pipe three-eighths of an inch in 
diameter. One end of this pipe was fastened to the 
cap. The other end of the pipe was provided with an 
iron T-shaped pipe and an iron elbow. To the elbow 
was fastened an iron pipe which was three-eighths of an 
inch in diameter and twelve inches in length. This pipe 
served as a preheater for the entering air. The catalyst 
*was supported on a wire gauze. The reaction chamber 
also served as a vaporizer. The chamber was placed in 
the heating element and was supported by a large con- 
denser clamp. The products of the reaction were col- 
lected in the collecting chamber which was made by 
attaching the end of a large pyrex test tube (88 mm. by 
150 mm.) to a 10-ml.-graduate centrifuge tube. The 
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chamber was connected to the lower end of the reaction 
chamber. The recovery chamber was connected to the 
recovery trap as illustrated in Figure 1. The outgoing 
vapors were further cooled by two water condensers 
which were connected vertically as illustrated. 

Figure 2 represents the type of furnace which was 
used when the temperature of the reaction was above 
300°C. It was only slightly different in structure 
from the furnace which was described in Figure 1. The 
reaction chamber was twelve inches in length instead of 
nine. The chamber was interlined with pyrex glass 
tubing in order to prevent the reacting substances from 
coming in contact with the iron tube. , The temperature 
was measured with a previously standardized thermo- 
couple. The thermocouple was placed in a thermo- 
couple well as shown by the figure. 


EXPERIMENTAL PROCEDURE 


Before the beginning of each experiment the furnace 
was heated to the desired temperature. During this 
time air, which was the source of oxygen, was allowed to 
pass at a slow rate over the catalyst. From experience 
it was found that the temperature could be controlled 
best by beginning at a temperature from two to five 
degrees lower than the optimum temperature depending 
upon the nature of the catalyst, the rate of airflow, and 
the nature of the substance to be oxidized. The rate of 


eC 
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flow of the substance to be oxidized was adjusted as de- 
sired. At the end of the delivery of the liquid into the 
reaction chamber, air was allowed to pass over the 
catalyst fer a period of 30 minutes. The products of 
the reaction collected in the collection chamber. 

Table 1 represents some results which were obtained 
by the oxidation of beta-picoline. The product ob- 
tained was nicotinic acid. 





TABLE 1 
The Oxidation of Beta-Picoline To Nicotinic Acid. 'Tem- 
perature, 290°C. Catalyst, 33 g. of Tin Vanadate 








Air flow, Per cent yield of 
liters per hour Time, hours nicotinic acid* 
12 1 16.19 
16 1 14.85 
19 1 13.95 
21 1 11.97 
21 1/, 20.40 
21 2 19.81 
21 1 18.09 
21 1/9 6.39 

* Per pass 
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COMPOSITION AND GENESIS OF OPAL: 


THE composition of opal is Si0.-~H,O—that is, hydrated silica. 
The content of water varies from 1 to 21 per cent, but in precious 
opal is generally 6 to 10 per cent. Impurities, such as com- 
pounds of calcium, iron, magnesium, sodium, and aluminum, are 
frequently present. 

Opal is formed from gelatinous silica, deposited in cracks and 
fissures in various types of rocks by water solutions. In harden- 
ing, the silica gel loses some of its water, thus forming opal. Dur- 
ing this process of dehydration and hardening, cracks often form. 
These cracks are sometimes later filled with additional thin films 
of opal, having a different refractive index from the main ground 
mass. Interference of light waves in passing through these thin 
films of opal results in the familiar play of color, or “fire,” which 
makes opal a valuable gem. 

Opal is a very common mineral, found in almost innumerable 
localities all over the world. Only rarely, however, has Nature 
filled the cracks formed during the dehydration with that thin 
opal film necessary for sufficient beauty to be classed as a gem. 
In its common varieties opal may be colorless, white, gray, brown, 
and various other tints. ; 

VARIETIES OF OPAL 

Opal is commonly classified as either precious opal or common 
opal. The following are the important varieties of precious opal: 

White Opals are those having a light or white body color with 
fine play of color. 

Black Opals have a black, dark blue, dark green, or dark gray 
body color with fine play of color. 

Girasol Opals show no play of color but instead have a moving 
billowy blue light. ? 





1 From Gems & Gemology (Winter, 1946). 


Harlequin Opals are those which show play of color in regular, 
close-set angular patches. Harlequin opals having very small 
patches of color are known as pin fire opals. 

Flash Fire Opals are those displaying play of color in more or 
less irregular streaks. According to Schlossmacher, a flame opal 
is a variety of flash fire opal in which red is the predominant color. 

Fire Opals are those which are transparent to translucent with 
an orange-red to red body color. They may or may not show a 
play of color. Cherry opal is a name given to the cherry-colored 
variety. — 

Gold Opal is a variety which exhibits an over-all color of golden 
yellow. 


Onyx Opal is defined by most authorities to be opal made up of | 


alternate layers of precious and common opal or of alternate 
layers of opal and chalcedony. 


OCCURRENCE OF OPAL 


By far the greatest proportion of precious opal is found in Aus- 
tralia. Australian opal is classified as follows, according to the 
type of matrix in which it is found: 

Boulder Opal is an occurrence of Australian opal in which the 
opal is found as thin veins in brown iron-stone boulders of con- 
cretionary origin. 

Sandstone Opal is a type of occurrence where the opal is found 
in pipe-like masses up to one inch or more in diameter running 
through sandstone. 

Seam Opal is a term describing opal which is found in thin, flat 
cakes or seams in sandstone. These seams may vary in thick- 


ness up to one inch or more and are without adhering matrix. 

Precious opal is found in lesser quantity in numerous places 
besides Australia, other localities of note being Czechoslovakia, 
Mexico, United States, and Honduras. 
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THE LOW PRESSURE EXPLOSIVE LIMITS 


IN THE HYDROGEN-OXYGEN COMBINATION 


An articuz on the subject of the volume synthesis of 
water! has prompted this brief résumé of the combina- 
tion reaction between hydrogen and oxygen in the gas 
phase which may be of interest to the readers of the 
JOURNAL. 

The combination of hydrogen and oxygen between 
500° and 600°C. is a chain reaction, the speed of which 
increases rapidly with pressure. At total pressures 
(pHz + pO) above about 600 mm. the reaction rate is 
so fast that isothermal conditions cannot be maintained 
and explosions occur. The velocity of this reaction is 
catalyzed by the surface of the reaction vessel and by 
foreign gases, excess hydrogen and oxygen as well as 
gaseous water. In general, the velocity is decreased by 
increasing the surface area available, and the presence 
of foreign gases produces a positive catalytic Action.” 
This is illustrated in Table 1. 





TABLE 1 
Effect of Surface Area and Nitrogen on the Rate of Reaction 





FRANK BRESCIA 
City College of New York, New York City 


termined by the following procedure. Hydrogen is 
admitted into the reaction vessel contained in a furnace 
until its pressure is high enough to permit the introduc- 
tion of a known amount of oxygen without the occur- 
rence of an explosion. The mixture is then slowly with- 
drawn, the temperature of the furnace being constant and 
known. When the total pressure falls to a quite repro- 
ducible value, a bright flash and audible explosion oc- 
cur. The amount of hydrogen and oxygen which react 
during the withdrawal period is negligible. Using this 
technique the following facts were obtained, with re- 
spect to the upper critical pressure, by Thompson and 
Hinshelwood.? 

(a) . At constant temperature, it is lowered by an in- 
crease in the ratio of hydrogen to oxygen (see Table 2). 





TABLE 2 


Effect of H,/O, Ratio on Upper Critical Pressure at Con- 
stant Temperature, PC. 





Total pressure (mm,) 


Partial pressures (mm.) 
at which explosion occurs ee ~ 











H T . dz 
Between Hydrogen and ee - Constant Temperature He/D.. ‘Capeie Will eemeied 0: Hh 
Mizxture composition Time for 50 per cent reaction in 0.5 129 86 43.0 
Unpacked Packed 1.0 97 48.5 48.5 
H, Oz, Nz, silica bulb, silica bulb, 2.0 99 33 66 
mm. mm. mm. Area = 266cm.2 Area = 1245 cm.? 3.0 83 21 62 
400 200 3hrs. 14min. 40hrs.. 46 min. Ge . . 
200 100 ... 14hrs. Omin. 250 hrs. ae (b) At constant temperature, it is practically inde- 
200 100 379 3hrs. 53. min. 180 hrs. 





The unusual feature of the hydrogen-oxygen reac- 
tion, although exhibited by several other gas-phase 
reactions involving oxygen, is that a finite reaction rate 
at high pressures may become explosive as the pressure 
is reduced either by the reaction itself or by withdrawing 
a portion of the mixture. This phenomena of explosive 
limits was first discovered in 1928 by Thompson and 
Hinshelwood? and independently confirmed by Semenoff 
and his coworkers. The general form of the depend- 
ence of the reaction rate upon the pressure of hydrogen 
and oxygen is given in Figure 1. The figure clearly 
shows the existence of a lower and an upper critical pres- 
sure between which the mixtures are explosive; below 
and above these explosive limits, the reaction rates be- 
come finite. 

The pressure value of the upper critical limit was de- 





1 ScHENBERG, S., THIs JOURNAL, 22, 537 (1945). 

2 Toompson, H. W., anv C. N. HinsHetwoop, Proc. Roy. Soc. 
London, A122, 610 (1928). ‘ 

3 Kopp, D., A. Kowausky, A. Sacuin, AND N. SEMENOFF, | 
Z. physik. Chem., 6B, 307 (1929). 
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pendent of the nature and extent of surface area avail- 
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Figure 1. General form of dependence of reaction rate upon pres- 


sure. The values merely indicate the order of magnitude for a 2:1 
hydrogen-oxygen mixture by volume at a temperature of 550°C. Par- 
tial pressures of either gas may also be used for the figure. 
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able. Of course, if the pressure is above the limit, the 
reaction rate is decreased by increasing the surface 
area of the reaction vessel. 

(c) The upper critical pressure decreases rapidly 
with decreasing temperature (see Table 3). 





TABLE 3 


Dependence of the Upper Critical Pressure Upon Tempera- 
ture; Ratio of H;/O. Constant and Equal to 2.0 





Total pressure (mm) 


Temperature, °C. (upper critical pressure) 





570 132 
550 99 
460 11 
440 No explosion 





(d) Neither the rate of withdrawal nor the length 
of time the mixture remains in the reaction flask has any 
effect on the pressure at which the explosion occurs. 
Hence, a “time-lag”’ process or the diffusion of the ini- 
tial reactants is not involved in the mechanism of the 
reaction. 

Semenoff and his coworkers* have studied mainly the 
lower explosion limit. The lower limit was also subse- 
quently investigated by Hinshelwood and Moelwyn- 
Hughes.* The reaction rate just below the lower limit 
is practically zero. Unlike the upper limit, the lower 
pressure limit is practically independent of the relative 
pressures of the two gases and it increases with de- 
creasing size of the reaction vessel (see Table 4). From 





TABLE 4 


Effect of Reaction-Vessel Size on the Lower Pressure Limit 
at Constant Temperature, 550°C. 





Total pressure (mm.) 


Bulb diameter (cm.) (lower pressure limit) 


5.4 ; 0.76, 1.36 
1.8 3.64 








v 


550° to 650°C. the influence of temperature upon the 
lower limit is negligible but below 550°C. the lower limit 
increases (see Table 5). 





TABLE 5 
Effect of Temperature Upon the Lower Pressure Limit 





Critical pressure (mm.) 





Temperature, °C. (total) 
550 3 
500 4.5 
450 9 





It was previously mentioned that foreign gases 
catalyze the hydrogen-oxygen reaction. The effect of 
NO, is, however, worthy of further notice since its 
presence induces explosion limits in nonreactive mix- 
tures of hydrogen and oxygen. It was found® that mix- 





4 HINsHELWoop, C. N., anpD E. A. Mortwyn-Huaues, Proc. 
Roy. Soc. London, A138, 311 (1932). 

5 THompson, H. W., anp C. N. HINsHELWoon, ibid., A124, 219 
(1929). 
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tures of hydrogen and oxygen, for which the reaction 
rate at a given temperature is negligibly small, become 
explosive in the presence of quite small concentrations 
of NOs, but beyond a definite amount of NOs» the reac- 
tion again becomes very slow. At 410°C. the lower 
and upper pressure limits are 0.053 mm. and about 10 
mm. NO, for a 2:1 hydrogen-oxygen mixture, the total 
pressure being 150 mm. 

Although the reaction between hydrogen and oxygen, 
as usually expressed, appears to be one of the simplest 
reactions, its kinetics are extremely complex and a 
completely satisfactory mechanism to account for the 
presence of explosion limits has not yet been proposed. 
Qualitative explanations are based largely upon the 
theoretical work of Christiansen and Kramers* who have 
shown that reaction chains may be of two types. These 
are the so-called stationary and nonstationary (or 
branching) chains. A stationary chain or condition 
results when each chemical change produces only one 
excited molecule capable of continuing the chain. For 
such reactions the rate is finite (but it is possible in exo- 
thermic reactions for such reactions to go so fast that 
isothermal conditions cannot be maintained, leading to 
a thermal explosion). For example the reactions 

J ° H,0* + Oz = H.O + O.* 
2H, + O.* = H,O* of HO 


would lead to a stationary chain. The reactions 


H. + Cl = HCl+H 
H + Ck = HCl + Cl 


typify a case in which a stationary chain results in a 
thermal explosion (hydrogen-chlorine mixture exposed 
to light). 

On the other hand. if the chemical reaction assumed 
above were 
2H; oe 0.* = H,0* + H,0* 


yielding thereby two excited (or activated) molecules 
capable of continuing the chain for one excited molecule 
undergoing chemical change, then branching (non- 
stationary) chains result. For such reactions the rate 
reaches explosive velocities. The nuclear chemical re- 
action between U?* or Pu?* and neutrons is the latest 
example of a nonstationary chain reaction. These re- 
actions become explosive when at least two neutrons 
are emitted for every one absorbed (captured). 

Hence, a plausible explanation of the low pressure 
reaction (the presence of explosion pressure limits) is to 
assume that a branching chain mechanism is involved 
and that at pressures below the lower limit the excited 
molecules lose their energy mainly to the walls of the 
vessel by diffusion. For example, 

2H, + O.* = 2H,0 on wall 
H,0* = H.0 on wall 


As the total pressure increases, the rate of diffusion of 
activated molecules to the walls decreases and the reac- 
tion becomes explosive. At pressures above the upper 





6 CHRISTIANSEN, J. A., AND H. A. Kramers, Z. physik. Chem., 


"104, 451 (1923). 
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limit, it is necessary to assume that the excited mole- 
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NO, and reactants is increased by exposing the mixture 














ion 
me cules lose their energy by some gas-deactivation process. to the light of a mercury vapor lamp (see Table 6). 
ons On the basis of this mechanism, the effect of inert 
ac- gases, which is in general to decrease the pressure value TABLE 6 
ver of both explosive limits, can also be explained qualita- Effect of the Light of a Mercury Vapor Lamp on the NO.- 
10 tively. The presence of foreign molecules may de- Catalyzed Hydr i mbination; Temperature, 
tal crease at low pressures the rate of diffusion of activated = ; Pf 
5S or atio of rate of formation 
molecules to the walls and thereby cause a positive Pressure of NOs dosti ta lighten dah, 
en, catalytic action. At the higher pressure limit, where the (mm. mm./ sec. 
est inert gases produce a negative catalytic action, the 0.04 0.002/0.0012 
- foreign molecules may accelerate the deactivation of 0.266 0.017/0.0024 
the excited species in the gas phase. pee ye 
ed. The mechanism for the low-pressure (explosive limits) ; beth det 
the reaction proposed by Semenoff may be used to sum- ; ; . 
sil marize this discussion: It is known that under the action of the light, the 
ese 1. Some thermal or catalytic wall reaction yielding following chemical réaction occurs: 
(or O as the initial activated centers. NO, = NO.+ 0 
2. Development of branching chains: ‘ 
om P 8 The atomic oxygen so produced may then serve to de- 
“i O + H: = H,0* (1) velop branching chains (step 2 in the mechanism 
‘or H,0* + 0. = H0 +0+0 (2) gi : i Aaa 
: 2 2 given above). To explain the explosion limits induced 
a 3. At pressures below the lower limit diffusion to the by NOs, the equilibrium 
a wall balances the branching process; destruction or de- NO + 0. = NO; + O 
activation of chai : ‘ seis ‘ 
ictivation of chains at walls is assumed to exist in the mixture. It then follows that 
O + wall = 1/,0, (3) at low NO pressures the generation of atomic oxgyen is 
4. Deactivation in gas phase at the upper limit suf- favored, while at the higher NO, pressures the reverse 
ficient to balance the branching is brought about by a reaction is favored. This latter action removes atomic 
reaction involving a triple collision oxygen and accounts for the upper explosive limit pro- 
duced by the higher NO; concentrations. 
O+H:+M=H0+M (4) Readers who are interested further in the kinetics and 
a where M is any inert molecule. mechanism of the hydrogen-oxygen reaction are re- 
ed Norrish and Griffiths’ used NO, as a photosensitizer ferred to: 
for the hy drogen-oxy gen reaction and not only cOn- =HinsHELWwoon, C. N., “The Kinetics of Chemical Change,”’ Ox- 
ed firmed the existence of explosive limits induced in non- ford University Press, New York, 1940. 
reacting mixtures by the presence of NO, but alsofound Semenorr, N., “Chemical Kinetics and Chain Reactions,” 
that the rate of reaction for a given concentration of Oxford University Press, New York, 1935. : 
HinsHEtwoop, C. N., anp A. T: Wiiuramson, “The Reaction 
| 7 Norrisu, R. G. W., anv J. G. A. Grirritus, Proc. Roy. Soc. Between Hydrogen and Oxygen,’”’ Oxford University Press, 
z London, A139, 147 (1933). New York, 1934. 
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The Department of Chemistry of the Massachusetts Institute of Technology announces the 
be availability of a limited number of research assistantships for fundamental research in the field of 
sugar or carbohydrate chemistry during the academic year 1947-1948. These fellowships, pro- 
to vided by a grant from the Sugar Research Foundation, Inc., are open to outstanding graduates 
d of accredited colleges and universities who possess a specific interest in this field and plan to pursue 
d studies leading to the degree of Doctor of Philosophy. Candidates must meet all requirements 
e for admission to the Graduate School of the Institute. They will be expected to conduct their 
thesis investigations in the Sugar Research Foundation Laboratory of the Department of Chem- 
istry in organic or physical chemical phases of carbohydrate chemistry. 
The annual stipend to the recipient amounts to $950 for twelve months, exclusive of tuition 
which is provided. The appointments are available to candidates for admission at the beginning 
of the Fall Term, about October 1, 1947, and are ordinarily renewable for the number of years 
of necessary for completion of requirements for the doctor’s degree providing that the appointee 
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maintains acceptable standards of performance. 

Correspondence should be addressed to the Chairman, Department of Chemistry, Massa- 
chusetts Institute of Technology, Cambridge 39, Massachusetts, with a specific indication that 
the candidate is interested in the organic or physico-chemical aspects of the subject or in both. 
Application blanks and other information will be forwarded on request. 
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THE CHEMIST’S POSSIBILITIES 
AND RESPONSIBILITIES: ° 


Bacx 1 1925 I made my first trip to France and of 
course had made what seemed to be the logical prepara- 
tion for the trip. Naturally I engaged in a hurried study 
(self-taught) of the French language since I knew 
practically no French. From a little book of handy 
phrases and sentences supposed to make travel easy, I 
proudly committed to memory the French for ‘The 
horses of the Admiral are at the door.”’ Unfortunately, 
in all France I never found an Admiral whose horses 
were champing on their bits at the door. And at last, 
after diligent inquiry I was informed that French ad- 
mirals did not have horses. 

However, I had one bit of good luck in finding a most 
useful, informal guide book called “And So You Are 
Going to Paris.” The pleasant memories of that book 
now tempt me to say to you, “And So You Are Going 
to Be Chemists!”’ ; 

I congratulate you. Hard work and a whale of a good 
time are ahead. I have spent most my life in that 
career and I found it a thrilling adventure. 

We need you in the profession, for the War took many 
thousands out of chemical training. , It is a rapidly ex- 
panding field of great promise for you. 

Close observation, accuracy, absolute honesty in 
measurements, unbiased judgment, and clear thinking 
are demanded of you. As an illustration of a complete 
lack of close observation and clear thinking I am re- 
minded of two boys from the Southern mountains going 
by train to an army enlistment center. Neither had 
ever been on a train before. A man across the aisle 
eating a banana with evident pleasure attracted Bill’s 
attention. ‘‘What’s that?” he asked. ‘“That’s a banana. 
Have one?” Just as Bill finished the delicious new food 
the train entered a long and very dark tunnel. 
friend Jim inquired at that moment, ‘‘How did you like 
that banana?” “Oh, I liked it fine but the durned thing 
made me blind.” 

Here the poor fellow was helpless in the grip of 
coincidence, which, incidentally, has been the founda- 
tion of all superstition. But this simple mountaineer 
was no dumber than my former student who was once 
trying to distill water from a mixture. He complained 
to me that the rubber stopper was always popping out. 


1 Presented before 1000 high-school chemistry students in con- 
nection with the Chicago Chemical Exposition, September, 1946. 
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On inspection of the setup I was not surprised, for the 
delivery tube turned out to be a solid glass rod, quite 
impermeable to steam. 

Now assuming that you have passed the screening 
test just hinted at, let us consult together on the train- 
ing ahead of you. 

A chemist deals with the composition of substances 
(some 500,000 of them) and with changes in their com- 
position. He has to be something of a physicist, too, 
and deal with energy given off during composition 
change or taken in to produce certain composition 
changes. 

Of the various types—physical chemist, chemical en- 
gineer, organic chemist, analytical chemist, colloid 
chemist, and biochemist—the first two need a lot of 
mathematics. The biochemist should know a good deal 
of biology. Yes, the chemist is broadly educated, for he 
translates from German and French and may, in time, 
find it convenient to know a little Russian. 

Since he lives and works with other people, he gets 
along better and is more effective if he has some concep- 
tion of psychology and sociology. And since industrial 
chemistry is now big business, some knowledge of eco- 
nomics will give more meaning to his efforts— and open 
up longer avenues of promotion. A man is judged by 
his use of the English language, spoken or written, so it 
follows that a rising young chemist needs adequate 
training in English in order not to be misjudged. 

The inevitable conclusion for high-school students is 
that a broad college education with a four-year major 
in chemistry, a fair amount of physics and mathematics, 
and plenty of the so-called humanities is the logical 
next step, followed, if possible and if your science grades 
are above 80 per cent, by three years of graduate train- 
ing. 

My own experience in teaching more than 5000 col- 
lege students has convinced me that teaching facts and 
theories is necessary (as tools are to a carpenter) but 
that the greatest contribution of the instructor is teach- 
ing the student how to think scientifically. 

Let me urge you to start a research attitude in your 
freshman year even if your professor gives it little or no 
attention. Keep asking yourself, “What if?” but go 
slowly on trying it in the laboratory without professional 
supervision. 
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Upon the acquisition of a good solid fact say to your- 
self, “If that is true, would not this follow? Can I think 
of a better method in qualitative analysis?” Perhaps 
you can improve some laboratory experiment in physi- 
cal chemistry. I have known seniors to do it. As you 
reach your senior year, start a card file of your original 
ideas, to be increased, enriched or discarded in later 
years. Add to these cards useful and stimulating refer- 
ences. 

You are soon going to be told by some practical en- 
thusiast that if you want to become a chemical en- 
gineer—and be highly paid for your services—you must 
waste no time in college but jump at once from high 
school into an engineering school (as they did in 
medicine many years ago). I must take issue with this 
advice. Many of you are going to be chemical en- 
gineers for a long time, I hope, and your value to the 
world will be greater the broader and more thorough 
your preparation. However, if your funds are inade- 
quate and you are in the usual hurry of youth, I will 
settle for two years of broad college training and four 
years of engineering school. 

I almost forgot to tell you what a chemical engineer 
does. He builds the small pilot plant, in which promis- 
ing results from the research laboratory are tested, not 
too expensively. If called for he then designs the huge 
and complicated plant for commercial production—and 
probably operates it too. He has the satisfaction of 
dealing in big figures—cash, tonnage, savings by im- 
provements, usefulness to the consuming public. If he 
operates an oil. refinery processing 100,000 barrels 
daily, he can let his imagination cover the earth as he 
sees the human race gladly using a thousand chemical 
products derived from that dirty, smelly, crude petro- 
leum. 

Those of you not electing chemical engineering as a 
career must make a decision about four years from now 
when you receive the A.B. or B.S. degree. 

Will you “accept a position” at once or will you enter 
upon postgraduate study for the Ph.D. degree? In 
most instances I advise further graduate study if, as I 
said before, your science grades average at least 80 per 
cent. Yet financial necessity may force you to take a 
job at once. If so, you may work as an analytical 
chemist (expecting to improve constantly) or as a tech- 
nical salesman or as a plain worker in a plant, capital- 
izing on your chemical training to rise as foreman or 
higher executive. : 

An ambitious chemist will save his earnings for two or 
three years and then go to a graduate school. High- 
ranking college graduates have a good chance to obtain 
graduate assistantships or scholarships in the best 
universities. After a year fellowships may follow, for 
industry is now financing a large number of generous 
fellowships. 

This graduate training to which we have been leading 
up is tougher than college—but more exciting. Regular 
advanced courses in physical, organic, quantitative 
chemistry, and mathematics, physics, or biochemistry, 
as your needs require, prepare you for the grand 
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climax—a year and a half of research on some problem 
selected by the professor. Only a genius can step into 
research on his own. The rest of us must walk in the 
footsteps of a master who occasionally reaches out a 
helping hand. 

Now what can our Ph.D. do when he is turned loose 
on a job—well, not too loose, for he will probably assist 
an older chemist in charge of a project. Obviously, he 
will do his assignments so well that he will himself be- 
come a chief—planning, dreaming, testing ideas, in 
short, giving orders to a corps of eager assistants. 

Labor prides itself on production, and capital is just 
as conceited, but it is brain more than brawn or cash 
that gives the world new and useful products. In 1941 
over $10,000,000,000 worth of products unknown be- 
fore 1918 were manufactured in the United States— 
mostly due to research minds. 

Yet, I must not give the impression that our Ph.D. 
necessarily devotes himself to research, pure or applied. 
He may eledt to join the chemical engineer in production 
or use all of his training in technical sales or become a 
patent expert for his company. Still better, from my 
personal viewpoint, he may become a college professor. 

If you like it, teaching is a great and useful career— 
not so well paid as some others—with a deep satisfaction 
in influencing the lives of thousands. 

It would not bé fair to ignore women’s careers in 
chemistry, for they are just as competent as men. The 
war has taught industry the value of women chemists. 
For certain types of work they are superior. Opportu- 
nities are fewer, but they are favored in biochemistry, in 
medical research, pharmaceutical firms, the U. S. 
Bureau of Standards (a great research institution), in 
State Agricultural Experiment Stations, analytical 
laboratories, in the cosmetic industry, and as technical 
librarians for chemical industry. 

May I remind you of some of the great achievements 
of chemists so that you will see other possibilities? 

We owe cheap and almost pure American sulfur to 
the genius of Frasch who, remembering the dry fact that 
sulfur melts only a little above the boiling point of 
water, forced superheated water under steam pressure 
down a pipe to the sulfur beds hundreds of feet beneath 
the surface of Louisiana and welcomed the melted 
sulfur as it came up one of three concentric pipes. Sul- 
fur is a cornerstone of the vast chemical industry. 

Nobel’s dynamite, TNT, RDX, and other high ex- 
plosives are even more important in mining, blasting 
rock for roads, and other peaceful work than in warfare. 
They free labor slaves and, by their power and cheap- 
ness, make economically possible much engineering 
construction that otherwise could not be afforded. 

When Hyatt invented celluloid in an effort to prepare 
a substitute for the ivory in billiard balls, he opened up 
the great field of plastics and made possible the movie 
film. And when Baekeland coupled formaldehyde with 
phenol to make bakelite, he broadened immensely the 
field of plastics. 

At my own college, Oberlin, a senior student only 22 
years old gave the world the modern process of prepar- 
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ing aluminum from its ores. Think what that mo- 
mentous discovery of 1886 did for the airplane indus- 
try, to mention only one. As some other metals become 
scarce, an end we can foresee, we will take comfort in 
the fact that after bauxite, the best aluminum ore, is 
exhausted, common clay can become a source of this 
metal. Furthermore, we will always have magnesium 
for industry since we now extract it from sea water. 

Burton’s “cracking” process doubled the yield of 
gasoline from every barrel of petroleum, a great achieve- 
ment in conservation of resources. Now the petroleum 
industry, is no longer concerned mainly with distillation 
as in the old days, but has become a highly complicated 
chemical industry. Asa result, when our fighting planes 
recently needed 500,000 barrels of 100-octane gasoline 
a day, this vital industry rose to the occasion. 

The advent of the atomic bomb and the harnessing of 
atomic energy were the joint achievements of physicist 
and chemist. A new scientific age has dawned. 

Life in the tropics for our armed forces was made safer 
and more comfortable by the chemists’ preparation of 
DDT, the most effective insect killer, and of atabrine 
and other antimalarials which supplemented and im- 
proved upon quinine. These benefits are now free to 
the entire world. 

Penicillin, the sulfa drugs, vitamins, and hormones 
have revitalized medicine. After all, medicine is based 
on chemistry. 

The textile industry, from 1933 to 1943, advanced 


scientifically more than in all previous time, thanks 


mainly to the chemist. This was due not only to the 
preparation of rayon, nylon, and other new textiles, 
but also to chemical treatment of known fibers. 

These are only a small fraction of the contributions 
of chemistry to our civilization. The list is long. 

The general public expects the chemist to keep two 
jumps ahead of national disaster. ‘“Man Wanted to 
Perform Miracles’ was the title of a recent advertise- 
ment, but the chemist is a thoughtful and hard worker 
rather than a miracle worker. He should have vision, 
imagination to foresee needs for new products and sub- 
stitutes for old products as they approach exhaustion. 
Some of our mineral resources are rapidly being de- 
pleted, thus dumping many problems in the lap of the 
chemist. 
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To foresee dangers from new products, such as plu- 
tonium and certain drugs, is the joint responsibility of 
chemist, physicist, and physician. Fifty years ago the 
X-ray and radium caught them by surprise. Labor dis- 
locations due to new inventions require alarm signals in 
advance. . 

To improve efficiency, to give better quality and 
cheaper products to more people is the aim of the 
honest chemist. The result is that the public gets bet- 
ter fuels, dyes, paints, varnishes, medicines, glass, 
fibers, cement, alloys, rubber, plastics. Cheap but good 
secondary road surfacing is desperately needed. Is the 
chemist interested? 

Photosynthesis, by which the sun’s energy can be 
forced to prepare sugar, starch, etc., from carbon di- 
oxide and water (as is done in the green leaf) is a vital 
problem for the chemist. 

To educate the public in the methods, achievements, 
and problems of chemistry will become another re- 
sponsibility for you. In this scientific age electors and 
elected alike need enlightenment. Scientists advance 
faster than the leaders in government or sociology. The 
horse and buggy days are over. Better scientific under- 
standing in high places is called for. 

Science is the friend of the poor, for research has al- 
ways lowered costs and raised the standard of living. 
A little more than a century ago, in England, a laborer 
worked 15 hours a day for a week to earn two bushels of 
wheat. Today the American workman earns two 
bushels of wheat (at nearly the same price) in less than 
half a day. ; 

The liberating influence of the much-criticized Ma- 
chine Age is convincingly shown by consideration of the 
cotton ‘gin. ‘“‘Withott this mechanical device 37,000,- 
000 American citizens, working 300 days per year, 
would be kept busy removing seed from cotton, if the 
present rate of cotton fabric production is to be main- 
tained” (Hugh Davis). Think of it!—one-fourth of our 
population toiling to prepare raw cotton! With three 
more such demanding industries the books would be 
closed. 

In conclusion let me turn prophet. The older you 
grow, the less will you measure success by money, the 
more you will measure it by useful service to humanity. 
That way lies the deepest happiness. 





A teakettle singing on the stove was the beginning of the steam engine. 
A shirt waving on a clothesline was the beginning of a balloon, the forerunner of the 
Graf Zeppelin. 
A spider web strung across a garden path suggested the suspension bridge. 
A lantern swinging in a tower was the beginning of the pendulum. 
An apple falling from a tree led to the law of gravitation. 





A CHALLENGE IN HIGH-SCHOOL CHEMISTRY 


Some 15 years ago the writer had two chemistry 
students who wanted to do extra work in chemistry on 
Saturday. He was working in the laboratory himself so 
he told them to come. When they arrived he found 
that their plans were somewhat hazy so he took their 
presence as an opportunity to promote the methodical 
investigation of the chemical processes. As a student 
the writer had been a disciple of Lowe, Scott, and 
Brinton—all excellent analytical chemists—and he 
took the two volunteers as candidates for scientific in- 
doctrination. 

The idea seemed to work. The two students grew to 
ten or more, and the program went on year after year. 
Now the instructor appears at the laboratory every 
Saturday and about half of the Sundays. The students 
are all volunteers. They have access to the instructor’s 
books and to the equipment that the Department has or 
can borrow. The instructor outlines suggested things 
to do and oversees the work, but he also sets the stu- 
dents upon various research topics which lead them 
many places in search of information. The students be- 
come familiar with the libraries in the instructor’s 
office, the High School, the Soil Conservation Service, 
and the State University. The writer believes that re- 
search need not be delayed until the student is ad- 

_ vanced in college work, and the results obtained seem 
to bear out this conclusion. 

Many high-school students take chemistry only for 
credit, just as many do also in college. Such children 
must be taken care of to the best of our ability; but the 
able, the interested, and the willing should be given an 
opportunity to work to the limit of their capacity. 
Thomas Edison accused the American school system of 
“polishing the brick-bats and dulling the diamonds” 
and he may have had some justification. We try, how- 
ever, to put a polish on those diamonds, and this extra- 
curricular chemistry offers us such an opportunity. In 
addition to our Saturday and Sunday chemistry meet- 
ings we have now established one of our school’s chemis- 
try sections for our “top” students. _ 

This “top” chemistry class is entered after an inter- 
view which includes a look at the student’s future plans, 
his past accomplishments, and his interests. After ad- 
mission the course begins without further formalities. 
No attempt is made to “sugar coat’ the pill of knowl- 
edge. Thirty or more students are there to learn 
chemistry, which is admitted to be a difficult subject. 
The formal standard approach is made with much 
added emphasis on mathematical principles and ac- 
curacy of observation and measurement. Balancing of 
equations, weight problems, gas problems, atomic and 
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molecular structure, the laws governing reactions, are to 
be looked on as powerful tools to gain what we want— 
a knowledge of chemistry. 

When molecular weights are taken up they are de- 
termined by the lowering of freezing point, by Dumas 
bulb, and by the Victor Meyer method. Experimental 
care is stressed, speed being no object. Weighing on the 
analytical balances is started within three weeks. The 
instructor teaches several students how to weigh ac- 
curately to ‘the fourth place. They in turn teach 
several others under the instructor’s supervision. The 
second group then teaches a third group under the 
supervision of the first group, and so on. From time to 
time the instructor checks back on every individual to 
see that he has learned properly. 

When acids and bases are taken up their relative 
strengths are determined by conductivity. Later their 
concentrations are determined by titration against 
primary standards prepared by the student. The 
students prepare their solutions, determine their 
normalities, and these are checked by the instructor 
who uses the common standards. The students become 
familiar with indicators, pipets, burets, weighing 
bottles, desiccators, and volumetric flasks. They de- 
termine strengths of commercial vinegar, battery acid, 
commercial lye, and other acids and bases at hand. 

The intricacies of the oxidation-reduction process are 
taken up, with laboratory work on reduction of copper 
oxide, checked by careful weighing. The percentages 
of iron in hematites and magnetites are determined by 
titration against potassium permanganate and the re- 
sults are checked against gravimetric determinations. 
Sulfur dioxide is oxidized by the contact process using a 
platinum catalyst. Sulfuric acid is also manufactured 
by the lead chamber process and the concentration of 
the manufactured acid determined by titration against 
a standard base. 

Electrochemistry starts with conductivity of solu- 
tions and the electrolysis of water but goes on through 
the determination of the electrochemical equivalent, 
and branches out into determination of copper in brass 
and bronze. In our laboratory we have produced 
lithium, sodium, and potassium. Calcium carbide and 
carborundum have been made and phosphorus has been 
extracted from bones. A homemade Cottrell precipita- 
tor has been made and used. 

Analytical work comes in for considerable attention. 
We go through the common qualitative processes not 
just as ‘“cook-book” procedures but with the back- 
ground of hydrogen-ion concentration and the theory 
of sulfide precipitation. We hope that pH and ioniza- 
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tion constants and ion suppression will mean something 
to these students. In gravimetric work we have stu- 
dents who turn in first-rate determinations of alu- 
minum, iron, silicon, and calcium, together with some 
alkaline fusions of silicate minerals. For such fusions 
our single platinum crucible gets a terrific workout. If 
we seem to concentrate unduly on accurate weighing 
and measuring it is because we wish to check those 
weight problems so that they become real and vital and 
not just difficult tasks to be done. 

In organic work some determinations are made of 
heat of combustion of some safe compounds. Com- 
mercial coal analyses are made and some rough at- 
tempts at organic analysis are carried on with our own 
interpretation of a combustion apparatus. We carry on 
some work in the oxidation and reduction of some or- 
ganic compounds to secure familiarity with the intricate 
processes studied in college. 

The course does not omit the romance af chemistry or 
the spectacular nature of its applications. We en- 
deavor to present the struggles of the past, the suc- 
cesses of the present, and the great work which must be 


Exits. Are exits adequate in number and plainly marked; 
do doors open outward? If fire escapes are provided, are they 
kept free of objects and trash? 

Floors. Are floors smooth without being slippery; are 
drains adequate; are nonsparking features provided in floors 
where inflammable solvents are used? 

Illumination. Are lights adequate; are vapor-proof covers 
provided in rooms where inflammable solvents are used? 

Fire Extinguishers. Are sufficient numbers of the proper 
type extinguishers located so as to be readily available? Are 
the locations plainly marked? Do all persons working in the 
laboratory know how to operate each type? Are extinguishers 
always kept filled and regularly inspected? Is dry sand avail- 
able for smothering fires where water cannot be used? 

Fire Hoses. Are fire hoses readily accessible? Are hoses 
drained and dried after use to prevent deterioration of the hose? 

Safety Showers and Fire Blankets. Are emergency showers 
and fire blankets marked, and surrounding areas open at all 
times? Are showers regularly tested (daily or weekly)? Are 
showers located near all places where acids and caustics are 
handled in quantities over one liter? 

First Aid Facilities. Are kits available for prompt treat- 
ment of minor injuries? How quickly can more seriously injured 
be given medical aid? Are stretchers available for moving 
persons overcome with fumes or with broken bones? Are formal 
records kept of all injuries, to aid in accident prevention? 

Goggles and Masks. Are goggles or masks provided where 
danger to eyes occurs from flying chips, splashing of corrosive 
liquids, failure of glass equipment under vacuum or pressure? 

_ Shields and Screens. Are shields, screens, and barricades 
provided and used with vacuum and pressure equipment, or 
where explosion hazards exist? 

Gas Masks. Are all-purpose masks provided and are all 
workers instructed in their use? Do all workers realize the 
serious effects from inhaling even small amounts of the Aalogenn. 
SO,, HCN, H.S, phosgene, and oxides of nitrogen, etc.? 


SAFETY CHECKS FOR CHEMICAL LABORATORIES 
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carried on in the future. At the same time we do feelf} 
that chemistry is a study which demands much of thef 
student. There are certain basic principles which must} 
be learned, whatever the drudgery may be. No 
amount of “romance and beauty’’ will ever take the 
place of this, and for that reason those who choose to 
take this special course do a lot of work which students 
in other courses do not do. 

The writer has had 15 years to follow these students 
as they have gone on to colleges or into various trades. 
He has made numerous checks in the past with the head 
of the chemistry department of the State University. 
He has made less frequent checks with other institu- 
tions which are not so accessible. The results are the 
same—the good students do well in college work. The 
loafers in high-school chemistry do not last long in 
college chemistry. The students who began their re- 
search in the high-school laboratory on Saturdays and 
Sundays went on to become chemical engineers, elec- 
trical engineers, aviators, soil specialists, workers in 
atomic physics, doctors in chemistry, physics, and 
medicine. 


HOWARD FAWCETT 
National Safety Committee, Alpha Chi Sigma Fraternity 


Hoods. Are sufficient numbers of hoods with adequate 
ventilation provided for operations involving toxic or noxious 
materials? Me 

Cylinders. Are all high-pressure cylinders supported se- 
curely (chained or clamped) and all small cylinders placed in ‘ 
cylinder supports? 

Catch-pans. Are pans of suitable design and sufficient 
capacity placed beneath stills during every distillation, or when 
large glass beakers are heated, to prevent loss of contents in 
case of breakage? 

Inflammable Liquids. Are quantities (over one liter) of 
inflammable liquids kept in approved metal cans provided with 
flame arrester? 

Is every laboratory worker aware of the fire hazards of com- 
monly used solvents, such as ether, alcohol, benzene, petroleum 
ether, hydrocarbons, etc.? Are all precautions taken to avoid 
sparks from friction, static electricity, and propagation of flames? 

Corrosive Liquids. Are all workers aware of the danger to 
body, eyes, and clothing of splashes from sulfuric, hydrochloric, 
nitric, hydrofluoric, and other strong acids, as well as concen- 
trated caustic solutions? 

Is adequate protective clothing (eye protection, gloves, 
apron, etc.) used when handling corrosive liquids in quantity? 
If glass containers are used, are they adequately protected from 
breakage at all times? 

Pipetting Liquids. Are rubber bulbs or vacuum lines used 
when sucking any liquid into a pipet? Are all workers aware 
of the danger of using the mouth for this operation? 

Glass Handling. Do all workers use proper caution when 
inserting glass tubing in rubber stoppers? Is broken and chipped 
glassware promptly repaired or discarded? Is a separate con- 
tainer provided for broken glass only? 

General Housekeeping. Is a high order of housekeeping 
maintained at all times? Are spills immediately cleaned up, and 
benches frequently washed? Are floors kept clean, and waste 
containers emptied frequently? 
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* A A CREATIVE CHEMISTRY AWARD 


of the} 
1must THe CLEVELAND Section of the American Chemical 
No] Society recently sponsored a novel contest for high- 
ce thei] school students which other sections may wish to emu- 
se tof jate. A $100 bond was awarded to the student showing 
dents] the greatest originality and ability in constructing a 
model to illustrate a chemical process, reaction, or prin- . 
dents ‘ciple. 
rades, Each senior high school in the vicinity was asked to 
»head|] :nnounce the contest early in the fall and encourage 
sity. | as many interested students as possible to enter. Each 
stitu-] school held its own contest as it chose, in conformance 
re the | \ith the rules, and the winners from each school then 
The brought their models to Cleveland where they were set 
ng up and demonstrated. 
ar Te- Six finalists displayed their entries on March 1 to the 
s and} judges selected by the Cleveland Section. Following 
elec- the judging, the contestants had lunch with the judges 
TS I} and committee, and then visited the plant and control 
, and } |aboratories of the Standard Oil Company of Ohio. 

Contestants and their chemistry teachers were guests to Judges M. 4. Rentechler, George W. Heise, and Glenn H. Meintyre. 
of the Section ‘at its regular meeting on March 19. The Cooker Provides a Means of Cooking Starches or Other Carbo- 
At the dinner hour the contestants were introduced hydrates with Guperheated Steam under Pressure to Permit Evalua- 
and each briefly explained his project. H.S. Sherman, “0” £* F*r™entstion: Fte- 
chairman of the contest committee, presented the Mr. Allan Kuhn, East Technical High School. Teacher: Mr. 





winner, Allan Kuhn, with a $100 savings bond. E.G: Pietoe 
The six finalists were: Mr. Charles Reed, East Technical High School. Teacher: Mi 
Virgil Smiley 


Mr. Kenneth Tietjen 


MS Witchard Kralik Cathedral Latin School. Teacher: 





quate Bro. Richard Schwagerl, S.M. 
oxious ‘ 4 : : L 
; The pictures show the six finalists, as well as some of 
ed _se- the construction projects. 
ced in It may be of interest to see the rules of the contest, 
ficient as they were publicly announced: 
! ba RULEs FOR THE CREATIVE CHEMISTRY AWARD 
nts in 

A $100 Government Bond will be awarded to that student of a 
er) of senior high school who is judged to have shown the greatest ori- 
1 with ginality and creative ability in constructing a MODEL OR 
aan . (Continued on page 310) 
oleum 
avoid 
ames? 
ger to 
hlorie, 
mcen- 
loves, Said 
nti ty? Winning Entry by Allan Kuhn Shows a Hood Mounted on a Movable 


Support Which Can Be Rapidly Lowered Over a Car Into Which Coke 
| from Has. Just Previously Been Pushed from the Coke Oven. By Having 
a Movable Quench Apparatus, Combustion Is Arrested with Less 
; used J Loss Due to Burning Than Is Possible with Present Quench Towers, 
aware fto Which the Cars Must Be Moved. Further, the Water Gas Resulting 
from the Quenching Operation Can Be Exhausted from the Hood 
when 27d, After Cooling and Scrubbing, Can Be Fed into the Fuel System 
of the Plant. 





‘ipped 
> con- ; : 
Mr. Glenn Crawford, Euclid Central High School. Teacher: 
eping Mr. Richard R. Keay . % ‘ Richard Kralik Explains His Apparatus for Producing Water Gas 
p, and Mr. James Swinehart, Garfield Heights High School. Téacher: to Contestants (Left to Right) Allan Kuhn, Charles Reed, Glenn 


waste Mr. Herman W. Woods Crawford, and James Swinehart. 
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& THE REVERSIBLE PROCESS 
' IN THERMODYNAMICS y 


Tuere 1s presented here a criticism of certain errors 
that appear quite commonly in textbooks on thermo- 
dynamics. It is not claimed that all textbooks have 
been examined or that no other errors exist. Within 
the means available the best that can be offered is a 
sample of the literature, a sample sufficiently biased 
toward the more authoritative writers to establish this 
point: that it would be well if students of thermody- 
’ namics were presented with a concept of the reversible 
process that does not contradict the fundamental 
notions of mechanics. 

The textbooks of 15 authors have been examined and 
only two of these, Trevor’s (1927) and Duhem’s (1902), 
have avoided errors in defining the reversible process. 
Trevor’s statement is perhaps too austere for students, 
but Duhem’s is a model of clarity that could have been 
used to advantage by the many writers who followed 
him. 


THE REVERSIBLE PROCESS 


The reversible process is a concept fundamental in the 
development of thermodynamic theorems. Its exact 
definition is therefore a matter of importance. An ex- 
amination of certain texts, representing writers of high 
reputation, has revealed, however, an apparent reluc- 
tance to define the reversible process with proper pre- 
cision; the preference seems to lie in the direction of 
describing the properties of the reversible process and in 
presenting what are claimed to be examples. Since the 
concept is a limiting ease which both actual and theoreti- 
cal processes can approach but never attain, this man- 
ner of treatment causes confusion in the minds of stu- 
dents alert enough to recognize the contradjction, and it 
certainly has the disadvartage of only indirectly hinting 
at a concept that can be stated simply and directly as 
the limiting value of a mathematical function. There 
is hardly any doubt that the writers on thermodynamics 
recognize clearly the mathematical nature of the con- 
cept. Their failure to define it precisely is probably the 
result of trying to write down to the level of supposedly 
unprepared minds. 

The favorite approach to the concept is through a 
consideration of the expansion of an ideal gas in a cylin- 
der provided with a weightless, frictionless piston. If 
the pressure outside the piston is zero, so that the gas 
expands against a vacuum, no work will be done during 
the expansion; and since no energy will be expended, 
the temperature of the gas will not change. If a finite 
pressure, P, exists outside the piston, work will be done 
during each increment of expansion: 


ERNEST R. RECHEL 
Frankford Arsenal, Philadelphia, Pennsylvania 


? AW = PAV 
Here AW is the work done during a change in volume 
AV of the enclosed gas. The total work done at the 
end of the process, when the pressure inside the cylinder 
equals the outside pressure will be 


Wien f Pav (1) 


Here the gas has expended energy; consequently its 
temperature will decrease. If, however, the expanding 
gas be heated at such a rate that its temperature re- 
mains constant during expansion, the pressure within 
the cylinder will decrease more slowly and the gas will be 
able to expand farther before its pressure is equal to the 
outside pressure. It will therefore be able to perform a 
greater amount of work against the outside pressure. 
The expression (1) still holds but in this case » has 
been increased. This type of expansion, called iso- 
thermal, is of particular interest. Since the temperature 
of the gas has not changed during expansion, its internal 
energy is likewise unchanged, and the energy expended 
in performing work is derived solely from the thermal 
energy supplied to hold the temperature constant. It 
now remains to be seen whether, during a given expan- 
sion of the gas from »; to v2, a still greater quantity of 
thermal energy can be converted into work. The ex- 
pression (1) shows that this can be done by increasing 
the outside pressure P on the piston. Means must be 
provided, however, for keeping P always less than p, 
the pressure inside the cylinder, during expansion from 
v; to ve, for if P is initially nearly equal to p, very little 
expansion will take place unless P is continuously de- 
creased. 

It is therefore clear that the amount of thermal energy 
convertible into work for a given isothermal expansion 
will increase as the difference p — P = e decreases. It 
is also clear that negative values of e need not be con- 
sidered as in that case compression instead of expansion 
would occur. Further, if e = 0, the gas will be in equi- 
librium with the outside pressure and expansion will not 
occur. For all cases in which expansion .occurs, there- 
fore, e must have finite positive values. But as e de- 
creases, the work performed, W, increases and our ob- 
ject is to determine the limit of W as e approaches zero. 
_ From the gas law, we write 


pv = RT 


‘where # is the molar gas constant and T' is the absolute 


temperature. In the isothermal expansion we are con- 
sidering, RT is a gonstant, and we find that 
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pdu + vdp = 0 , 
and 
RT 
dv = Pes ad 


Substituting this value of dv in’(1) we have 
ye 
W = -RT f me 


Using the relation p = P + e, 


‘pa P 
gS SS get h orke 
Wa -RT ("oP To” 


and 
‘D2 dp 
pr =p 


limit W = —RT 


e—0 


RT log F 5, = RT log = = (2) 


It should be emphasized that rt limit approached by 
W is not a value of W and therefore does not represent 
the work performed in any expansion however small e 
is chosen, so long as e remains finite and positive. 

Similar reasoning may be used to study the changes in 
other forms of energy, such as the production of electri- 
cal energy through chemical reactions. 
that in all cases the amount of energy Converted in- 
creases as the difference between the driving force and 
the opposing force decreases. The amount of energy 
converted from one form to another, therefore, ap- 
proaches a limit increasingly as e approaches zero. 

Only two authors have been found, among those 
studied in preparing this paper, who present precise 
definitions of the reversible process that do not contra- 
dict more fundamental concepts. Trevor’s book (1) 
contains this definition: 


Reversible Path. A continuous one-dimensional set of states of 
thermodynamic equilibrium, connecting two arbitrary states a 
and b of a given body, is not a path of the change of state ab. 
But the set may be the limit approached by the paths of a family 
of paths of the change ab, and also of the reversed change of state 
ba, when these changes of state are conducted with extreme slow- 
ness under the influence of the independently controlled forces 
and temperatures. When the prescribed set is such a limit it is 
termed a prescribed reversible path of the change of state ab, and 
of the reversed change of state ba. And the limits of the quanti- 
ties of work and heat absorbed on the paths of the change ab, 
which are equal to the negatives of the work and heat absorbed on 
the paths of the change ba, as the limiting path is approached, are 
termed the work and heat absorbed on the reversible path ab, or 
developed on the reversible path ba. 


The reader will readily identify “the limits of the 
quantities of work and heat absorbed on the paths of the 
change ab’’ with the limit of the work performed given 
by expression (2). 

Pierre Duhem’s definition (2) also lacks nothing in 
clarity. 


THE FALLACY OF DISCONTINUOUS CHANGE 


Trevor and Duhem furnish the only known exceptions 
to the common mistake of writers to associate the limit 


given by expression (2) with a hypothetical process car- 


It will be found 
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ried out so as to yield the limiting value of work done 
and heat absorbed. The term “‘reversible process” it- 
self unfortunately suggests a process that is attainable, 
at least theoretically. Our next task is to show that a 
reversible process is not attainable, even theoretically, 
without introducing notions that contradict funda- 
mental concepts of mechanics. 

It has been shown that the limiting value of the work 
done in. the isothermal expansion of a gas must be com- 
puted by letting p — P = e = 0: that is, by assuming 
the opposing pressure equal to the driving pressure. 
Under these conditions, of course, the gas will be in 
equilibrium with its surroundings and no expansion will 
occur. Writers nevertheless postulate expansion under 
equilibrium conditions and thereby contradict the 
fundamental notion of equilibrium. They are, in 
general, aware of this difficulty and employ various 
expedients to extricate themselves. Glasstone (3) for 
example says: 

Since a reversible change must be performed at an infinitesi- 
mally slow rate, it follows that at any instant the system as a 
whole is virtually in temperature and pressure equilibrium with 


its surroundings; for this reason, a reversible process has been 
defined as a succession of equilibrium states. 


Now it is clear that any change that occurs by passing 
through a series of equilibrium states implies discontinu- 
ity of change, so that the system either passes from one 
equilibrium state to the next in no time at all, or else if 
time does elapse, the system is nonexistent during the 
interim. This is probably the first time discontinuous 
change has been seriously considered since the famous 
attempts to deal with Zeno’s paradox. However, this 
is not peculiar to Glasstone; he is only following the 
lead of a long line of predecessors. 

Getman (4) describes a reversible cycle, which is 
merely a series of reversible processes, as: 


. one which is carried out by applying infinitesimal changes 
under conditions such that the system is at all times practically 
in a state of equilibrium. 


Roberts (5) says of the reversible process: ‘‘Through- 
out the process the gas is in equilibrium with its sur- 
roundings.”’ 

Guggenheim (6) says the reversible processes are a 
limiting case between “natural’’ processes (those that 
occur in nature) and “unnatural’’ processes (those that 
do not occur in nature) and asserts that “. . . they con- 
sist of a passage of a system in either direction through 
a continuous series of states of equilibrium.” 

MacDougall (7) used similar phrases in the 1926 edi- 
tion of his text but abandoned them in the 1939 edition. 

Partington (8) states: ‘A reversible change is a con- 
tinuous succession of equilibrium states; it is an ideal 
change.” 

Epstein (9) writes: 


It is possible to follow through by thermodynamical methods 
only processes which take place so slowly that they can be re- 
garded as a succession of states of equilibrium. Strictly speaking, 
the change of the system in a finite time must be even infinitesimal. 
and the rate of change infinitely slow. 
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Such infinitely slow processes have an important theoretical 
advantage in that they are reversible—that is, they can be gone 
through in both directions. 


Lewis and Randall (1/0) put it this way: 


Let us imagine a process so conducted that at every stage an 
infinitesimal change in external conditions would cause a reversal 
in the direction of the process; or, in other words, that every step 
is characterized by a state of balance. Evidently a system which 
has undergone such a process can be restored to its original state 
without more than infinitesimal changes in external systems. It 
is in this sense that such an imaginary process is called reversible. 


CONFUSION OF THE LIMIT WITH A VALUE OF THE 
FUNCTION 


In all of these excerpts it is apparent that the writers 
recognize the concept of the reversible process as the 
limit given in expression (2), but commit the error of 
identifying it with a value of the function. As we have 
seen, this has led to the necessity of postulating discon- 
tinuous change through a succession of equilibrium 
states. 

The five-volume ‘Treatise on Physical Chemistry” by 
Taylor and Glasstone (//) now in publication is prob- 
ably the most comprehensive effort of its kind ever at- 
tempted in this country. The section on thermody- 
namics treats the reversible process in terms similar to 
those used in Taylor’s earlier work of the same title 
and avoids mention of discontinuous change during 
equilibrium. The only source of confusion is contained 
in the following statements: ° 

The value [of the work done in isothermal expansion] attains 
a maximum when the driving pressure of the gas is infinitesimally 
greater than the opposing pressure. ... The maximum external 
work is therefore done when driving and opposing forces differ 
infinitesimally. 


Getman (4) also says: 
The total work becomes larger and larger as AV is made smaller, 


and it attains a maximum value in the limiting case where AV ap- 
proaches zero. 


Hinshelwood (13) concludes: 

In general, any change is said to take place reversibly when the 
driving force exceeds the opposing force by an infinitesimally 
small amount. A reversible change is the nearest possible ap- 
proach to the limiting case where driving and opposing forces are 
equal, that is, to a state of equilibrium. 

And finally, quoting Butler (/4): 

The maximum work is obtained . . . when the opposing forces, 
against which the work is done, are only infinitesimally less than 
the forces which tend to, make the process go forward. 

Here we need only observe that the function express- 
ing the work done is such that, no “maximum’’ or 
“nearest possible approach” exists; the work done 
approaches its limiting value asymptotically. Stated 
otherwise, no matter how small e, the difference between 
the driving and opposing forces, is chosen, there exists a 
smaller difference for which the work done is greater. 


THE ERROR OF TEMPORAL REVERSIBILITY 


In the expansion of a gas, there seems to be no way to 
regard the process as other than the result of a decrease 
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in the outside pressure. Some writers, however, would 
have the term ‘‘reversible process” imply a reversibility 
in time, thus introducing a new formal contradiction. 
For example, Partington (8) says: 

A process which can be performed backwards so that all changes 
occurring in any part of the direct process are exactly reversed in 
the corresponding part of the reverse process, and no other 
changes are left in external bodies, is called a reversible process in 
the thermodynamic sense. 


Roberts (5) states: 


Tbe reason why such a change is called reversible is that, if the 
process is carried out in the reverse direction, the whole system 
goes through exactly the same series of changes in the reverse 
direction. 


Taylor and Glasstone (//) write: “In the ideal 
[reversible] process, all of the stages of the process may 
be repeated in inverse order in point of time. . . .” 

This idea may have been suggested by earlier writers 
for in 1869 Briot (15) expressed the same idea. 

If we regard the expansion of a gas as the result of a 
decrease in outside pressure and thus confer temporal 
precedence on the decrease in outside pressure, it, is 
clear that the reverse process in point of time would re- 
quire that the gas undergo compression before the out- 
side pressure is increased. Of course, these writers did 
not intend that such an absurdity be inferred from 
their statements. Again it appears that the difficulty 
stems from trying to identify the value of the limit with 
a value of the function. 


THE PROBLEM OF THE THERMOSTAT 


In deriving the expression for the work done in iso- 
thermal expansion, it was postulated that the tempera- 
ture remain constant without attempting to show how 
this might be accomplished even theoretically. Since 
the discussion was purely mathematical, the tempera- 
ture was regarded as a parameter to be held constant for 
the purpose of differentiating with respect to pressure 
and volume. Thus any consideration of theoretical 
means of attaining isothermicity would have been ex- 
traneous. Certain authors, for example Hinshelwood, 
MacDougall (1939), Roberts, and Butler, assume a con- 
stant temperature without any reference to theoretical 
means of attaining it. 

But these authors are exceptional. In most text- 
books, where an expansion is said to be theoretically at- 
tainable in the limiting case, we find the author feeling 
obliged to described a method of securing isothermicity. 
Usually he immerses the cylinder of expanding gas in a 
sufficiently large thermostat and carries out the expan- 
sion so slowly that, in the words of Glasstone, “‘. . . the 
absorption of heat keeps pace with its expenditure and 
the temperature of the system remains constant.” The 
intention, apparently, is to describe the limiting case of 
all theoretically possible thermostat arrangements. It 
will be obvious that heat cannot flow into the gas with- 
out a temperature differential between the gas and 
the thermostat. No matter how small this differential, 
an isothermal condition will not exist, but it can be 
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approached as a limit. The difficulty here is the same 
as that found in the treatment of the work done by ex- 
pansion, and it can be overcome in the same way. 
There is no real need, however, to complicate the system 
by adding any kind of thermostat; it is sufficient to 
postulate isothermal conditions and proceed mathe- 
matically. 


CONCLUSION 


Perhaps the key to the real nature of the reversible 
process, if it be a process at all, may be found in the pre- 
vious reference to Guggenheim, quoted here more fully: 


All the independent infinitesimal processes that might conceiv- 
ably take place may be resolved into three kinds: ‘natural’ 
processes, ‘‘unnatural” processes, and “reversible” processes. 
“Natural’’ processes are all such as actually do occur in nature; 
examples are’the interdiffusion of two gases, the equalization of 
pressures, and in general any approach towards complete equilib- 
rium. An “unnatural” infinitesimal process is one that is the 
exact opposite of some natural process; they never occur in 
nature. As a limiting case between natural and unnatural proc- 
esses we have “reversible” processes; they consist of a passage 
of a system in either direction through a continuous series of 
states of equilibrium. 


Guggenheim has here divided all processes into two 
classes, those that do occur in nature and those that do 
not. These two classes, in the language of logic, are 
mutually exclusive and together exhaust the possibili- 
ties. Any third class, to which reversible processes are 
here said to belong, must therefore be an empty class— 
that is, a class with no members. 

The term “reversible process’ is, of course, deeply 
embedded in thermodynamic writing and it would be 
difficult, however desirable, to replace it by any other. 
From the foregoing it should be clear that any changes 
at all under the conditions of “reversibility” are not 
even theoretically possible, if we are to retain the funda- 
mental concepts of mechanics. If a reversible change 
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be defined as that change producing the limiting value 
of the amount of energy convertible from one form to 
another and we proceed to examine the conditions neces- 
sary to yield the limiting value, we discover that such 
a change must take place in an equilibrium state which, 
by definition, is a state of no change at all. Thus the 
term “reversible process,” unfortunately, contains a 
contradiction within itself, a contradiction which text 
book writers are prone to ignore. 
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INTRODUCTION 


Of the higher oxides of the alkali and alkaline earth 
metals, only the peroxides of sodium and barium had 
any extensive use before World War II. Since the be- 
ginning of the war, however, potassium superoxide, 
KO, has been prepared for the Navy in large quanti- 
ties and finds use as a source of oxygen in breathing 
apparatus for fire-fighting and rescue work aboard ship. 
The oxide is used in canisters in a closed-system appara- 
tus where its reaction with carbon dioxide and moisture 
from the breath releases sufficient oxygen to supply the 
wearer’s needs. 


Since oxides higher than monoxides and peroxides - 


are no longer laboratory curiosities and since there are 
interesting relationships among the three types of 
oxides known, this report is concerned with some of the 
less familiar aspects of the methods of’ preparation, 
chemical properties, and structures of the oxides of the 
alkali and alkaline earth metals. 

The oxides may be divided into three classes— 
namely, monoxides, peroxides, and superoxides. The 
“normal” oxides of the alkali and alkaline earth metals, 
of the general tormulas M,O and MO, respectively, may 
be considered to be salts of the weak acid water. These 
oxides react with water to give, in most cases, highly 
ionized hydroxides. The members of the second type 
of oxides, the peroxides, are derivatives of the weak 
acid hydrogen peroxide and contain the O2-, of the 


structure -:0—0 :-. By definition, peroxides are com- 


pounds which give a solution of hydrogen peroxide 
when treated with a strong acid. Since they are salts of 
the weak acid hydrogen peroxide, the peroxides are ex- 
tensively hydrolyzed; their strongly alkaline ‘solutions 
are active oxidizing agents. The least familiar class is 
that group of oxides referred to in the recent literature 
as superoxides, a name suggested by Bray and East- 
man (1). The superoxides are salts of the unstable 
acid HO:, which decomposes in the following manner 


(2). 
2HO: — H:20:2 + Oz 


The superoxide salts react similarly in water. 

Upon careful addition of peroxides to ice water, no 
oxygen is liberated until the solution is decomposed 
catalytically. Use is made of this fact in the two-step 
analysis for superoxides devised by. Kraus and Par- 
menter (3). 
added to ice water and oxygen is evolved from the oxide 


In this method the unknown material is , 
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higher than peroxide. Then the remaining solution is 
catalytically decomposed and the amount of oxygen 
liberated gives a measure of the peroxide oxygen in 
solution. These two measurements provide sufficient 
data for a quantitative calculation of the composition of 
the original substance. 


THE MONOXIDES 


The chemistry of the alkaline earth monoxides is too 
well known to warrant extended discussion. It will 
suffice to say that they may readily be prepared by the 
thermal decomposition of their carbonates. 

Unlike the alkaline earth monoxides, the correspond- 
ing alkali metal compounds are not easily obtained. It 
appears, moreover, that with increasing size of the al- 
kali metal atom the preparation of the monoxide be- 
comes increasingly difficult. The combustion of the 
metal in excess oxygen gives the monoxide only in the 
case of lithium, and even in this reaction a trace of the 
peroxide is formed. Sodium monoxide may be prepared 
by heating the metal in a limited supply of oxygen be- 
low 180°C. or in nitrous oxide at 180° to 200°C. (4). 
The monoxides of any of the elements beyond lithium in 
the group may be made by direct oxidation in the pres- 
ence of excess metal (5) or by the action of the metal 
upon the corresponding nitrate (6). 


5K + KNO; — 3K:0 + 1!/2N2 


THE PEROXIDES 


When a concentrated aqueous solution of lithium 
hydroxide is treated with 30 per cent hydrogen peroxide 
and then with alcohol, a compound of the formula 
Li,O,-H,02-3H,0 is precipitated. The drying of this 
substance in vacuo yields pure lithium peroxide (7). 
Similarly, the peroxides of calcium, strontium, and bar- 
ium may be precipitated as octahydtates, MO.-8H,0, 
from which stable peroxides are obtained by dehydra- 
tion (8). It has been impossible, however, to obtain 
pure magnesium peroxide, and beryllium shows a ten- 
dency to form the monoxide only. 

Potassium peroxide is formed by the action of the 
theoretical quantity of nitrous oxide on the metal (4). 
This substance is unstable toward oxygen, being 
rapidly converted to the superoxide. 

The reaction of dry air with sodium at approximately 
300°C. is used as the commercial method for the pro- 
duction of sodium peroxide; the product obtained con- 
tains about 95 per cent sodium peroxide (9). Oxidation 
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of calcium monoxide with oxygen at high pressure and 
temperature produces no peroxide, and only a 15 per 
cent yield of strontium peroxide is obtained by the 
oxidation of the monoxide at 400°C. and 98 atmos- 
pheres pressure (10). On the other hand, barium mon- 
oxide is readily converted to the peroxide by heating in 
air to 400°C. This peroxide is readily decomposed at 
low pressures or at temperatures above 400°, and be- 
fore the advent of liquid oxygen, this reaction was the 
basis of Brin’s process for the manufacture of oxygen. 

Several of the alkali metal peroxides have been made 
by treatment of the metal with oxygen in liquid am- 
monia. Kraus and Whyte (11) state that the highest 
oxidation product of sodium in liquid ammonia at 
—33°C. is the peroxide. The first step in the rapid 
oxidation of potassium, rubidium, and cesium in liquid 
ammonia is the formation of the peroxide (5). At- 
tempts to obtain good yields of calcium peroxide in this 
manner have been unsuccessful, although the prepara- 
tion of the strontium compound has been reported (12). 

From this discussion it is readily apparent that there 
is a direct relationship between the size of the atom of 
an alkaline earth metal and its ability to form a perox- 
ide. The peroxide of the comparatively large barium 
atom is readily obtained, while those of the smaller 
strontium and calcium atoms are less readily formed. 
Magnesium peroxide, thus far, has been obtainable only 
in the form of the impure hydrate, whereas it has proved 
impossible to make the peroxide of beryllium, the mem- 
ber of the group whose atom is smallest. 


THE SUPEROXIDES 


Attempts to prepare the superoxides of lithium and 
sodium have so far proved fruitless. The highest oxide 
of potassium, KO., may be formed by the combustion 
of the metal in an excess of oxygen (4), and also by the 
rapid oxidation of the metal in liquid ammonia (4, /1, 
13); the former method serves as the commercial 
source of the superoxide. Rubidium and cesium behave 
similarly to potassium. 

The superoxides of the alkali metals are fairly stable, 
having melting points in the neighborhood of 400°C. 
The potassium compound loses oxygen reversibly to 
give a substance, the analysis of which corresponds to 
the formula KOs (71). 

The literature on the alkaline earth metal super- 
oxides is meager. Traube and Schulze (14) reported the 
preparation of CaQ, (8.7 per cent in CaQz) and BaQ, 
(about 8 per cent) by the action of 30 per cent hydro- 
gen peroxide on the corresponding hydroxides. Pre- 
sumably, the low yields are due to decomposition of 
some of the superoxide formed by water from the hydro- 
gen peroxide solution. The superoxides of the other 
members of the group have not been prepared. 

Until recently,:the alkali metal superoxides have 
been considered to be tetroxides of the formula M,O,. 
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The belief prevailed that these substances were analo- 
gous to the tetrasulfides and contained the O,- (tetroxide) 
anion. However, the discovery of the three-electron 
bond (15) led to the idea that the alkali metal oxides 
might contain the O.— (superoxide) ion with the struc- 
ture : 0-0: , in which both a single (two-electron) 


bond and a three-electron bond between the two oxygen 
atoms are involved. The results of magnetic suscepti- 
bility measurements on potassium superoxide (16) lend 
credence to the suggestion just given, since they show a 
paramagnetism for the superoxide ion corresponding to 
one unpaired electron, whereas the tetroxide ion would 
be diamagnetic. Furthermore, X-ray studies on KO: 
(17) show a crystal structure consisting of potassium 
and superoxide ions arranged in a simple ‘cubic lattice; 
the interatomic distance in-the superoxide ion is in good 
agreement with that expected for a single bond plus a 
three-electron bond (1). 

Several investigators (3, 4, 5, 11) have reported 
alkali metal oxides of the exapisies! formula M203. 
Magnetic and X-ray data on the rubidium and cesium 
compounds prove that these contain both the peroxide 
and the superoxide ion (17) and that their structure may 
therefore be represented by the formula M,022MO.. 

Magnetic studies on impure CaQ, (18) demonstrate 
the existence of the O.~ ion in this compound, thus 
proving the similarity of the highest oxides of the 
alkali and alkaline earth metals. 
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To the Editor: 


Recently another high-school student had a serious 
accident with a mixture of potassium chlorate and 
phosphorus. I wonder if it wouldn’t be a good idea 
through the JourNAL to advise high-school teachers to 
use 3 per cent hydrogen peroxide with manganese di- 
oxide for the preparation. of oxygen rather than using 
potassium chlorate. 

This is the second serious accident that has come to 
my atterition within three months. In one case the 
student lost both eyes and in the other, both hands. It 
seems to me that there are so many ways in which 
potassium chlorate or chlorates in general can enter into 
dangerous explosive reactions that they might well be 
eliminated from the high-school laboratory. About the 
only application of them is in the preparation of oxygen, 
and this can be accomplished far more safely by the use 
of 3 per cent hydrogen peroxide. 

Some years ago, even in the oxygen preparation, we 
had so many explosions with commercial c.p. potassium 
chlorate that it became necessary for us to purify all of 
this material that we used. Since that time we have 
had no trouble with explosions. I point this out to indi- 
cate that even the preparation of oxygen with chlorate 
is a dangerous experiment. 

C. E. Waite 


UNIVERSITY OF MARYLAND 
CoLLEGE Park, MARYLAND 


T'o the Editor: 

In a first course in thermodynamics the relations be- 
tween the thermodynamic functions designated in the 
physical chemistry textbooks as EZ, H, A, and F are 
somewhat difficult to remember. Another difficulty is 
that different symbols for these functions are used in 
different reference books assigned to us to read. The 
symbols adopted by Guggenheim are helpful to me. 
For the work function, usually designated as A, Gug- 
genheim uses the symbol F and he calls this function 
the Helmholtz free energy. For the free energy func- 
tion, usually designated as F, Guggenheim uses the 
symbol G and he calls this function the Gibbs free en- 
ergy. The notations, #, F, G, and H are simpler to 
memorize than the usual ones, being in alphabetical 
order. 

I have worked out a little diagram which we find use- 
ful in’ our attempts to memorize these thermodynamic 
functions and to understand the symmetry of the func- 


tions S, 7, P, V, E, F, G, H as described by Guggen- 
heim (Guggenheim, ‘Modern Thermodynamics,” 
Methuen & Company, Ltd., London, 1932, p. 18). 


- —TS 


G —— H 


| spr 


| 
i eS 
-—TS 


+PV 


From this diagram, at once; we get the relations, 


H= E+ PV 
F =E —-TS 
G =H —-TS 


Remembering the combined form of the first and second 
laws, 
dE = TdS — PdV 


and differentiating the functions H, F, and G, we have 


dH = dE + PdV + VdP = TdS + VdP 
dG = dH — TdS — SdT = VdP — SdT 
dF = dk — TdS — SdT = —PdV — SAT 


From these relations we found that it was quite easy for 
us to understand the general form of equilibrium condi- 
tions and the symmetry of thermodynamic functions as 
discussed in Guggenheim’s book. 

Being only a senior student in college, I am not sug- 
gesting that we change the system of notations in our 
textbooks, but since this little diagram has helped us in 
our attempt to get acquainted with these thermo- 
dynamic functions, we wonder if our American friends 
will also find it useful (that is, if they are as unfamiliar 
with these subjects as we are). 

Sura-Caine Su 


Hvuacuunea UNIVERSITY 
WucuHanG, CHINA 


To the Editor: 

The paper on Otto Wallach in the March issue was 
interesting, but neglected to mention the fact that 
Wallach had many American students. It looked to 
me as if it had been written by fellows who had read 
some of the papers in, say, the Berliner Berichte and did 
not know Wallach personally. The statement that 
“Wallach was always sickly and rather weak’’ is not 
true. I think that he took care of himself and lived 
methodically, for he always appeared well and active 
when I knew him. While I was there, a stupid assistant 
filled a gasometer with oxygen that was already half full 
of acetylene. The result was that during the lecture 
Wallach tried to burn some selenium in oxygen, and had 
a terrible explosion. (My friend, the late John Thomp- 
son Dorrance, had to have six or seven stitches taken in 
his face.) Wallach was very severely cut with flying 
pieces of very heavy glass and at least two arteries were 
severed on his wrist and neck. He was then away from 
the laboratory and the lecture room for several weeks, 
but came back with his arm in a sling and the first thing 
he did was to burn selenium in oxygen. Those were the 
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only days that I can remember when he did not lecture 
once and visit the students twice. 

Wallach was not too strong on theory and in his 
lectures used the old-fashioned doctrine of free love and 
chemical affinity, teaching the idea of brute strength 
for explaining why a happily married couple such as 
NaCl were divorced by the pagan H,SO,. The fact that 
HCl was volatile had little to do with his theory.e On 
the other hand, Wallach had a good memory and a world 
of information at his finger tips. I have heard him talk 


Out of the 


@ Pamphlets 


An attractive little pamphlet issued by the Sun 
Chemical Corporation (100 Sixth Avenue, New York), 
entitled “Color in Electromagnet Energy,” contains an 
excellent expansion of the electromagnetic spectrum 
with an explanation of the various wave-length ranges. 

The Stone and Webster Engineering Corporation (90 
Broad Street, New York City) has published “A 
Report to the People,” a 145-page book, splendidly 
illustrated, which ‘‘is not a technical treatise on the de- 
sign and construction of over a billion dollars worth of 
war plant in a hurry.... The projects described were 
designed and built during World War II as part of 
America’s effort to preserve the freedoms of the peoples 
of the world.”” While it of course describes the work of 
this particular construction company, its interest is 
much wider; it is really a brief view of wartime chemical 
engineering. : 


e Motion Picture 


A dramatic, 15-minute picture story entitled “Melt- 
ing of Huron Die Steel,”’ produced for the Allegheny 
Ludlum Steel Corporation at its Dunkirk, New York, 
plant, graphically reveals what the human eye never 
has been able to observe—the true color of the molten 
steel and slag. Heretofore dark glasses protecting the 
eves of workers and observers have obscured the natural 
coloring. 

The film was shot through an open furnace door by a 
camera set up eight feet away. Utilizing a telephoto 
lens; the carhera was able to create the impression of 
actually being inside the furnace during the melting 
process. 
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very intelligently about chromophores, for example, and 
he could lecture for an hour every day of the year with- 
out notes. Although not so remarkable a lecturer as 
Victor Meyer, Wallach was good. The interesting thing 
about his laboratory was that most of the work was 
being done by American students while I was there. He 
liked them because they were more eager to get their 
work done and accomplished more each day. 
WituraM T. Hau 
RocueEster, MAssacHUSETTS 





e Watch Closely! 


‘Max Epstein of New Utrecht High School sent us 
the following suggestion: 


An element of mystery in a chemistry demonstration is a 
mental challenge to students. Hence demonstrate the explosive 
nature of hydrogen by bringing a burning match up to the in- 
verted bottle of hydrogen. Have handy an unlit wax taper. 
Show it to the class. Then insert it in the bottle of hydrogen 
previously exploded. 

On withdrawal, after pausing momentarily at the mouth of the 
inverted bottle, the taper bursts with flame. The usual questions 
follow to explain the mystical action involved. 


a) Thorium-Coated Anodes 


It. is reported that thorium-coated anodes increased 
the efficiency of German radio tubes by helping to pro- 
duce and maintain high vacuums. They were particu- 
larly suitable for anodes made of iron, nickel, molyb- 
denum, and carbon, the report states. The coating 
readily absorbed traces of gas remaining after a radio 
tube was evacuated. The resultant higher vacuum im- 
proved the performance characteristics of the tube and 
raised its sensitivity. 


i) Asbestos 


The fascinating story of asbestos—a rock that can be 
spun into yarn, woven into cloth that will not burn, 
fashioned into fireproof building materials, and adapted 
to innumerable other important uses in modern life—is 
graphically told in ‘‘Asbestos—The Silk of the Mineral 
Kingdom,” a free 40-page illustrated booklet by Dr. 
Oliver Bowles, which has just been published by The 
Ruberoid Company (500 Fifth Avenue, New York 18). 
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& Fire Fighter 


The fire-extinguishing agent, monochlorobromo- 
methane, used by the German Navy and Air Force, is a 
highly effective fire fighter, according to a Navy report. 

Monochlorobromomethane or “C-B”’ is at least as 
effective as methyl bromide in fire extinguishers, the 
Navy investigators claim. However, it may create a 
toxicity hazard for fire fighters unless protective masks 
are worn or unless it is rapidly dispersed. In 1941 C-B 
was adopted as the standard gas fire-extinguishing 
agent for the German Navy. 

High electrical resistance makes C-B particularly 
valuable for putting out fires in electric wiring systems. 
It is noncorrosive to metals, except that in the presence 
of moisture it corrodes iron. Developed by I. G. Farben 
in 1939-40, C-B is a colorless liquid with a low freezing 
point and it does not decompose in storage. Like all 
halogenated hydrocarbons, the investigators point out, 
it has a narcotic effect on humans and must be used with 
care. 

“‘Dachlaurin” or D-L, composed of 65 per cent C-B 
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and 35 per cent carbon dioxide, was used in the air- 
craft fire-extinguishing system approved by the Luft- 
waffe in March, 1945, for all new planes. A small 
amount of nitrogen in the D-L mixture assures proper 
discharge pressure.at high altitudes. The system is set 
off electrically when the pilot pushes a control button. 
Flashing lights to warn the crew in case of fire are 
activated by thermo-sensitive units located throughout 
the plane. : 


® Fluorescent Tubes 


Some time ago Robert A. Ames of the Ames Labora- 
tories (77 Wabash Ave., San José, California) called 
attention to the item in the June, 1946, number dealing 
with uses for discarded fluorescent tubes. It seems that 
when they burn out, the heating coil is burned through. 
However, an arc may be pulled through the tube by a 
transformer of 15,000 volts or higher, such as a regular 
neon sign transformer. Using them in this manner, 
their useful life is approximately quadrupled. As many 
as nine tubes may be lighted by one transformer. 


FLUID SOLIDS 


POWDERED solids are as easily handled as gas and liquids by 
the fluidization technique. Two-thirds of the modern catalytic 
petroleum-cracking capacity in the United States now uses 
fluidized units. Two process equipment companies are adapting 
fluidization to chemical processes—the M. W. Kellogg Company 
for reactions where the solid is a catalyst and the Dorr Company 
for other reactions. The method is already used in one chemical 
process; others now under study include production of synthetic 
gasoline, fuel gas, and lime, as well as many metallurgical opera- 
tions and purification of several materials. ; 

In a fluidized system, a gas is passed upwards through a mass 
of powdered solid, so that the particles are “floated” and the mass 
somewhat resembles a boiling liquid in appearance. The objec- 
tive may be to react the solid with the gas or to react the com- 
ponents of the gas under the influence of a solid catalyst. A por- 
tion of the particles may be quite coarse, but material of finer 
particle size should also be present, for otherwise the gas velocity 
which will float the particles is dangerously close to that which will 
blow them out of the reactor.. The particles of solid, suspended 
in a gas, flow through pipes and other equipment much as would a 
liquid and can be easily moved from one operation to another. 
Continuous operation, often resulting in a more uniform product 
and lower operating costs, may be more easily achieved with this 
system than with conventional apparatus. By virtue of the rapid 
movement of the particles, the temperature of a fluidized bed may 
be maintained at an extraordinarily-uniform level, often a vital 
factor in chemical synthesis. Since conditions throughout the 
reactor are so uniform, however, fresh gas cannot be reacted coun- 
tercurrently with nearly spent solid, and vice versa, unless several 
reactors are used. Another limitation is that the method cannot 
be used to process solids which become sticky or wet. 

In a unit which has been operated by the Sherwin-Williams 
Company for some time, air and naphthalene vapors are passed 
through a fluidized bed of catalyst, and the naphthalene is par- 
tially “burned” to form phthalic anhydride, an intermediate for 
resins and plasticizers. The product is separated from the other 


constituents of the exit gases by condensation. 


The Fischer-Tropsch process for converting carbon monoxide 
and hydrogen, which are obtained from natural gas or, less eco- 
nomically, from coal, to gasoline and other liquid fuels promises 
to be an important application of fluidization. Use of a fluidized 
catalyst permits easy removal of heat formed in the reaction and 
production of a more uniform gasoline at a higher throughput 
rate, even when employing a cheaper and more rugged catalyst 
than in the earlier German fixed-bed installations. 

When steam and air are simultaneously blown through a 
fluidized coke bed, combustion of part of the coke supplies the 
heat required to maintain the reaction of steam and coke to pro- 
duce a combustible gas. This has been successfully carried out 
on a commercial scale in Germany. Gas of higher heating value 
may be obtained if oxygen, now potentially quite cheap, is used 
in place of air. Fluidization might also be applied to partial 
removal of tar and other volatiles from coal, as in coking, to yield 
gas with high heating value, as well as a char with characteristics 
comparable to those of anthracite ceal. 

Hydrogen sulfide, a noxious constituent of coal gas, is often 
removed by passing the gas through beds of iron oxide. Fluidiza- 
tion of the bed is reported to appear desirable. Use of a fluidized 
bed may also simplify recovery of those constitutents of petroleum 
refinery gases which can be absorbed by a solid. 

Sulfide ores, prior to smelting, are now commonly “roasted” in 
air in mechanically complex furnaces; fluidization of the opera- 
tion is considered an attractive possibility. It may become 
possible to reduce oxide ores, such as iron ore, to lower oxides or 
to metals with carbon monoxide or equivalent gas in a fluidized 
bed instead of in a blast furnace, but difficulty may sometimes be 
encountered because of plasticity of the solids at the reaction 
temperatures. ‘Burning” of pulverized limestone to produce 
lime in a fluidized reactor is now under study and potentially 
offers greatly reduced fuel cost. An added advantage of the 
fluidized system would be the utilization of “fines” which are 
customarily not burned by conventional methods.—Reprizited 
from the Industrial Bulletin of the Arthur D. Little Corporation 
(January, 1947). 
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° RIDING ON A GAS JET: 


Aursovcs military rockets assumed a prominent 
position in the recent war when the Germans bom- 
barded England with the mighty V-2, rockets are in fact 
very old military weapons. 

It is probable that the Chinese employed rockets 
against the Mongols at the battle of Kai-fung-fu in 
A.D. 1232. During the 13th and 14th centuries military 
rockets were in general use. Detailed descriptions of 
these rockets are recorded in Eichstadt’s ‘“Bellifortis”’ 
(1405) and deFontana’s “Bellicorum Instrumentorum 
Liber’’ (1420). 

From about a.p. 1500 until a.p. 1800 the develop- 
ment of firearms and cannons, which had the advantages 
of accuracy and range, caused a displacement of rockets 
as military weapons. 

In the A.p. 1800 period, the successful employment of 
military rockets by native Indian troops against the 
British prompted a young British Artillery officer, 
William Congreve, to investigate the adaptability of 
pyrotechnic rockets to military use. As a result of his 
experiments the Congreve Rocket was developed. This 
rocket, essentially an augmented “skyrocket,” weighed 
about 30 pounds and employed a “stick” to stabilize it 
in flight, the “stick” acting in a similar manner to the 
feathers on an arrow. The rocket proved so effective 
that its use at the Battle of Bladensburg caused the 
American Troops to break, thereby permitting the in- 
vasion and burning of Washington. The “rockets’ red 
glare,” immortalized by Francis Scott Key in the “Star 
Spangled Banner,”’ was produced by the flame from the 
Congreve Rockets. Despite the early success of the 
Congreve Rocket, for which incidentally William Con- 
greve was knighted, subsequent artillery development 
caused the heavy gun to supplant the rocket as a mili- 
tary weapon. From approximately 1850 up to World 
War II rockets were used in war solely as signaling de- 
vices. 

During the recent war, however, all belligerents made 
use of rockets. Solid-fuel rockets, both fin and “spin” 
stabilized, ranging in weight from a few pounds to over 
a thousand pounds, were used in enormous quantities 

1 Presented at the 238th Meeting of the New England Associa- 


tion of Chemistry Teachers at Boston College on December 7, 
1946. 





JOHN K. ROULEAU 
Boston College, Chestnut Hill, Massachusetts 


on all fronts. The maximum range obtained. with 
rockets of this type is about 10,000 yards, while veloci- 
ties obtained varied from 65 to 1500 feet per second. 
The outstanding liquid-fuel rocket, the huge V-2, had 
a launching weight of over 14 tons, a length of almost 50 
feet, a range of 200 miles, and a peak velocity of 3500 
feet per second. 

Rockets may be described as missiles recoiling from 
the rearward expulsion of gases internally generated by 
the combustion of an internally carried fuel and oxygen 
supply.. Rockets and “power jets” are both propelled 
by the rearward expulsion of combustion gases. They 
differ in that “power jets” obtain the oxygen necessary 





Courtesy of Army Ordnance Magazine 


Just Before Take-off 
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Photo by U. S. Army Signal Corps, Courtesy of Army Ordnance Magazine 


**V-2 in the Air’’ 


for the combustion of the internally carried fuel from 
the air that is forced into the front of the jet as it travels 
through the air. Accordingly, “jets” require either 
auxiliary compressors or starting rockets to initiate 
flight. Rockets, on the other hand, have a self-con- 
tained oxygen supply. This oxygen supply may come 
from a separate container, as in the case of liquid-fuel 
rockets, or may be present in the fuel itself, as is the 
case with solid-fuel rockets.. 

The forward propulsion of a rocket is due,to the rear- 
ward escape of combustion gases in accordance with 
Newton’s Third Law, ‘‘To every action there is an equal 
and opposite reaction.” An estimate of the magnitude 
of the forward thrust may be calculated by multiplying 
the value for the number of pounds of gas escaping per 
second by the value of the exit-gas velocity. Since the 
mass of the issuing gas is relatively small, a high veloc- 
ity of the escaping gas is required in order to obtain a 
high thrust. This high gas velocity is obtained by 
allowing the combustion gases to expand through a 
convergent-divergent nozzle. 

In general a rocket motor consists of a combustion 
chamber, closed at the head end and fitted with an 
opening at the discharge end which has the form of a 
convergent-divergent nozzle. When the fuel is ignited, 
gas pressure builds up in the combustion chamber and 
the gas produced streams through the nozzle into the 
atmosphere where the pressure is lower. When the gas, 
under pressure in the combustion chamber, expands 
through the convergent section of the nozzle, the gas 
pressure decreases and simultaneously the velocity of 
the gas molecules increases. However, there is a limit- 
ing pressure to which the gas will expand in the con- 
vergent section and hence there is a limit to which the 
gas molecules will accelerate. This limiting pressure, 
called the critical pressure, is a definite fraction of the 
pressure existing in the combustion-chamber. (A 
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steady-state condition is assumed, once burning is under 
way in the combustion chamber.) _ If this critical pres- 
sure is equal to or greater than the pressure in the region 
of discharge (7. e., the atmosphere), then the gas will 
undergo a further expansion in the divergent section, 
thereby producing a further acceleration of the gas 
molecules. When these conditions prevail, the rate of 
gas discharge will be governed by the following factors: 
(1) Area of the nozzle ‘throat—that portion of the 
nozzle where the convergent and divergent 
sections meet 

(2) The composition of the combustion gases 

(3) The temperature and pressure conditions existing 

in the combustion chamber 
The velocity of the exit gases will likewise be governed 
by these same three factors and hence the thrust, for a 
given propellant and rocket, is determined by the 
chamber conditions. 

For steady-state chamber conditions the number of 
pounds of fuel transformed into gas per second must 
equal the number of pounds of gas leaving the rocket 
per second. This may be expressed in the form of an 
equation 


Ibs. fuel burnt __ lbs. gas discharged 
second = second 





Furthermore, 


lbs. gas discharged = Vas 
second 





Here V is the'exit velocity, d is the density, and S is the 
nozzle area. Hence for a given exit gas velocity the 
number of pounds of fuel that must be burnt per second 
can be determined. In the case of liquid-fuel rockets, 
such as the V-2 which burns almost 18,000 pounds of 
alcohol and liquid oxygen in a minute, the fuel and 
oxygen are injected at the proper rate into the combus- 
tion chamber by means of fuel pumps. In the case of 
solid-fuel propellants, however, the production of gas 
in the combustion chamber is determined by the rate 
of burning of the rocket grain and the geometry of the 
grain. 

When a solid-propellant grain burns in a closed com- 
bustion space, burning is believed to proceed at the 
surface in a manner similar to the gradual erosion of a 
piece of metal suspended in an acid. The burning occurs 
at all free surfaces in uniform layers perpendicular to 
the burning surface. Thus if the propellant grain is 
originally in the shape of a sphere, that form will be 
retained throughout burning, although of course the 
sphere will decrease in size until it is entirely consumed. 
This burning in parallel layers is known as the burning 
rate and may be expressed in inches per second. Using 
this concept, an equation can be established, correlating 
fuel consumption with the burning rate and the geom- 
etry of the grain. 


lbs. fuel burnt 
————_—_—— = d4,Sir 
second 








i ee i i i ee ee ee 


— Fe FOO ee eet eee aunse FH) a Cr die. eas 








(TION 


under 
| pres- 
region 
iS will 
ction, 
ie gas 
ate of 
ctors: 
of the 
rgent 


isting 


erned 
for a 
J the 


yer of 
must 
ocket 
of an 


is the 
y the 
cond 
kets, 
ds of 
and 
ibus- 
se of 
[ gas 
rate 
f the 


com- 
; the 
of a 
2curs 
ur to 
in is 
ll be 
the 
med. 
ning 
sing 
ting 
20m- 








JUNE, 1947 





Courtesy of the Hercules Rowder Company 


‘‘Grains’’ of Powder for Rockets 


Here d; is the density of the grain, S; is the area of 
burning surface, and r is the rate of burning. For best 
chamber conditions the three factors affecting fuel 
consumption should be constant. While the density 
and geometrical shape of a propellant grain are fixed 
during the process of manufacture, the burning rate is 
controlled by the pressure and temperature conditions 
existing in the combustion chamber. Since the burning 
rate increases with high temperature and high pressure, 
solid fuels, which give such conditions on burning, 
produce high exit gas velocities and concurrent high 
thrust values. shite 

Since powder grains retain their original form on 
burning (spherical, cubical, etc.), the burning surface 
becomes progressively smaller. By referring to the 
equation correlating fuel consumption and the area. of 
the burning surface, it will be noted that such geometric 
shapes cause a gradual decrease in fuel consumption as 
burning progresses. This undesirable feature may be 
circumvented either by blocking off part of the original 
burning surface with a noncombustible material, which 
is done with the American cruciform grain, or by form- 
ing the grain in the shape of a hollow tube. A tubular, 
grain, burning simultaneously from the inside and out- 
side surface, maintains a practically constant total area 
during burning since the inside area increases as the 
outside area decreases. It is for this reason that tubu- 
lar grains are widely used in rockets. 

Although tubular powder grains possess the ad- 
vantage of a constant burning area, the usual method of 
manufacture from nitrocellulose and _ nitroglycerin 
requires the use of organic solvents. Since this solvent 
must later be removed by drying, the wall thickness, or 
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web, definitely limits the size of a grain that can be 
produced. However, by employing a technique de- 
veloped by the British, nitrocellulose-nitroglycerin 
rocket powder may now be produced without the use 
of solvent so that wall thickness is no longer a con- 
trolling factor in the production of big grains. Single 
grains of powder several inches in diameter, as long as 
five feet and weighing about 40 pounds, have been pro- 
duced. Certain high-velocity rockets employ several of 
the grains in a single round. 

Although nitroglycerin-nitrocellulose grains offer a 
reliable fuel for rockets, other organic and inorganic 
materials in solid and liquid form are used, particularly 
when thrusts of relatively long duration are required. 

Many peacetime applications of the rocket principle 
are now under investigation, and some items as the 
JATO (jet assist take-off rocket) have already been 
accepted in commercial flying. The famous flight of the 
Navy plane ‘The Truculent Turtle’ began when take- 
off rockets helped the heavily loaded plane to become 
airborne. Rocket “brakes” for high-speed trains, rock- 
ets to lift stalled vehicles out of a mire, rockets to dig 
postholes, rockets to soar high into the heavens to ob- 
tain data on weather and cosmic rays have already 
shown the versatility of rocket propulsion. 

In an article in “Army Ordnance” Dr. Frank J. 
Malina discussed the launching of a V-2 rocket in New . 
Mexico that reached an altitude of 300,000 feet and had 
a maximum speed of 3500 feet per second. He points 
out that if a second rocket were launched from a V-2 
as it sped upward, the second rocket would probably 
reach an altitude of 2,000,000 feet and have a peak 
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Extruding Solid Rocket Fuel 
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velocity of 9500 feet per second. For those whose 
curiosity is stirred by the ‘Jules Verne” aspect of soar- 
ing almost 400 miles into space, an article by E. M. 
Rogers entitled ‘(Man-made satellites,” in which plans 
for huge sodium mirrors mounted on “free floating’ 
platforms 5000 miles up, should prove entertaining 
reading, particularly as these plans are attributed to 
the same rocket scientists that produced the V-2. 


REFERENCES 


(1) Kierer, P. J., anp M. C. Stewart, “Principles of Engi- 
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NINTH SUMMER CONFERENCE 
Wellesley College, August 18-23, 1947 


The Conference this summer revolves about the secluded 
Wellesley campus, a little outside the hub of Boston. The 
grounds have a pleasing rural setting with broad easy slopes about 
the campus lake. In addition to well-appointed dormitories with 
dining halls and science buildings there are provisions on campus 
for golf, tennis, canoeing, and swimming. A life guard is in 
attendance. Wellesley is on the Boston and Albany through- 
route to Worcester and is reached by bus from several other di- 
rections. 

The attempt will be made to have a responsible young woman 
each day to look after very little guests who are not accustomed 
to attending these learned sessions. The evening social hour is 
now tradition; it will be on this summer’s program. Two field 
trips to nearby industries and a picnic will occupy the broad cen- 
tral portion of the week. A sequence on ‘Selected Topics from 
Introductory Chemistry” and a symposium on “The Develop- 
ment of Atomic Structure” fill important places in the program. 
Individual speakers and their tentative: topic titles include: 
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‘Recent Developments in Powder meiengy” hides Burg- 
hardt, Watertown Arsenal 

“Bikini ‘Operation”—Royal M. Prey. Boston University 

“Fluorine and Tooth Decay”—a member of the Faculty of Tufts 
College Dental School 

“The Commercial Production of Fluorine and Its New Uses”— 
John T. Pinkston, Harshaw Chemical Company 

“Antithyroid Agents’”—R. O. Roblin, Jr., American Cyanamid 
Company 

“Industrial Processes”—Emil R. Riegel, University of Buffalo 

“Minerals, Fun, and Profit’—John B. Lucke, University of 
Connecticut 

‘Scientific Liaison in the European Theater of Operations’— 
Charles E. Waring, University of Connecticut 

“The College Entrance Board Examination—W. W. Turnbull, 
Princeton University 


Attention is called to the fact that the date of the Summer 
Conference was given incorrectly in the March Report. Welles- 
ley College asked to have the date changed after the copy for the 
March issue had been prepared and your Editor neglected to 
make the change in proof. The correct date is August 18—23. 


@ Official Business 

President Lynn has appointed the following persons to rep- 
resent the N.E.A.C.T. on the Executive Committee of the 
National Association of Science Teachers: Millard W. Bos- 


worth, Elberé ©. Weaver, John R. Suydam, and Helen W. 
Crawley. 


@ Officers for 1946-47 


5 e 

Eldin V. Lynn, President, Massachusetts College of Pharmacy 
Boston 15; Dorothy W. Gifford, Secretary, Lincoln School, Provi- 
dence 6, Rhode Island; Lawrence H. Amundsen, Editor of 
Report, University of-Connecticut, Storrs; Millard W. Bosworth, 
Immediate Past President; John R. Suydam, Vice-President; 
Carroll B. Gustafson, Treasurer; Leallyn B. Clapp, Southern 
Division Chairman; Helen Crawley, Central Division Chairman; 
Jean V. Johnston, Western Division Chairman; Lester F. Weeks, 
Northern Division Chairman; Ralph E. Keirstead, Curator; 
Elbert C. Weaver, Chairman Endowment Fund; S. Walter 
Hoyt, Auditor. 


A CREATIVE CHEMISTRY AWARD 
(Continued from page 297) 


MINIATURE OF A CHEMICAL PROCESS, REACTION, 
OR PRINCIPLE, OR OF CHEMICAL EQUIPMENT, 
APPARATUS, OR MACHINERY, OR OF ATOMIC OR 
MOLECULAR STRUCTURES. Recognition will also be given 
the next nine models in the order of selection by the judges. 


(1) The entry must be something the contestant has constructed 
and not merely a written description. ’ 

(2) It is not necessary that the underlying idea, process, prin- 
ciple, or reaction be original, but some use, development, or 
modification of it must be original. There must be some- 
thing in the model or entry which the contestant has 
created by his or her own initiative, and it will be upon 
such phase of the entry that the contestant will mainly be 
judged. 

(3) Each entry is to be accompanied by a brief description of the 
nature and purpose of the model and by a statement 
clearly setting forth’ the idea, mechanism, or procedure 


which the contestant claims as his or her own creation. 
Note: Assistance by a carpenter, machinist, glass blower, or 
electrician is allowable when necessary, but such assistance 
must be acknowledged in the statement. Assistance with 
the creative or original phase of the entry cannot, of course, 
¥ be permitted. 
(4) The entries will be judged as follows: 

(a) Skill in design and construction, if original: 25 points. 
(Additional weight will be given if the model 
operates.) 

(b) Clarity and effectiveness of the contestant’s descrip- 
tion and demonstration of the model: 25 points. 

(c) Originality, ingenuity, and creative ability shown by 
the contestant in the development of his or her idea: 
50 points. 

(5) From year to year any Award winner is barred from further 
competition. — 
(6) The decision of the judges will be final. 
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@ IDENTIFICATION AND QUALITATIVE 
CHEMICAL ANALYSIS OF MINERALS 


O. C. Smith, Petroleum and Chemical Technologist. D. Van 
ceed Company, Inc., New York, 1946. ix + 351 pp. 22 
figs. 28 plates (color). 15 X 22 cm. $6.50. 


Tuis BooK is unusual and useful for two main features— 
a list of the physical properties of all the two thousand or more 
minerals known up to January, 1945, and the wealth of informa- 
tion on chemical tests of minerals. The author has presented this 
information in such a way that it may be used by those without 
technical training and without expensive or elaborate laboratory 
equipment. 

A well-tried procedure is suggested for mineral identification— 
to carry the identification as far as possible by physical tests and 
then make chemical tests to distinguish between the remaining 
possibilities. Specific gravity and hardness are the two physical 
properties chosen as the main bases for the mineral identification 
tables that comprise the latter half of the book. The chief 
criticism of the choice of physical properties is the lack of in- 
formation on structure and crystal form. The author indicates 
that crystallography is beyond the scope of his book, but identi- 
fication would have been aided greatly by the listing of even 
simple statements about such characteristics as the needle-like 
structure of actinolite, the cubic crystals of fluorite, or the bladed 
structure of kyanite. 

The greatest value of this book lies in the large number of 
chemical tests, which are described clearly, but without any 
theoretical considerations. Four tables give chemical tests for 
the common minerals and list them according to whether they are 
soluble or insoluble in HCl, HNO;, or H2SO,. An important fea- 
ture is a whole new analytical scheme of wet and spot tests that 
includes not only the common elements, but the rare earths and 
other uncommon elements. A separate chapter describes blowpipe 
methods and shows color photographs of charcoal and plaster 
tests. An interesting chapter, including color photographs, on the 
fluorescence of minerals was prepared by Thomas S. Warren, 


president of Ultra-Violet Products, Inc., Los Angeles, California. , 


Among the unusual features of this book are a description of 


the assay of gold and silver by blowpipe, color photographs of 


beads, ten plates of color photographs of minerals, descriptions of 
fluorescent effects on blowpipe sublimates, specifications for as- 
sembling a portable chemical laboratory, and directions for 
constructing specific gravity apparatus. 

The many color photographs of minerals probably add to the 
attractiveness of the book, but some of them seem useless or mis- 
leading for identifications. Aside from the color photographs, 
the book is well printed and has few typographical errors. 

This book is recommended to amateur mineralogists as a 
supplement to the more descriptive textbooks of mineralogy: and 
as a source for information on the procedure of the chemical test- 
ing of minerals. 

ALONZO QUINN 
Brown UNIVERSITY 
ProvipENcE, Rxope Istanp 


& SYNTHETIC FOOD ADJUNCTS-~ - 


Morris B. Jacobs, Professor of Chemical Engineering, Poly- 
tehnic Institute of Brooklyn. D. Van Nostrand Company, Inc., 
New York, 1947. x +335 pp. 15 X 23.5cm. $5.50. 


THIS BOOK was written to'assemble the information pertaining 
to the addition of synthetic material to foods—a practice which 
was frowned upon until recent years. Their use has increased on 
such a scale that it covers a whole new field of progress. Many 
color and flavor compositions are given in detail, illustrative 
either of trade practice or of experimental work, which would be 
of use to both the novice and the veteran in the field. 


® * FOODS: THEIR VALUE AND MANAGEMENT 


Henry C. Sherman, Columbia University Press, New York, 
1946. ix + 22] pp. 15 tables. 13.5 X 21.5 cm. $3.25. 


ProFEssoR SHERMAN discusses food problems—the production, 
distribution, and use of foods—from the viewpoint of scientific 
management. He begins with a chapter on today’s activities in 
the field of food supply, continues with discussions of his ten chief 
food-groups, and concludes considering food adjustment prob- 
lems. Throughout he concerns himself with human nutritional 
needs and the new achievements by which these needs can be 
satisfied. 


* GENERAL CHEMISTRY 


Eugene P. Schoch, William A. Felsing, and George W. Watt, 
The University of Texas. Second edition. McGraw-Hill Book 
Company, Inc., New York, 1946. xiii + 540 pp. 150 figs. 50 
tables. 15.5 X 23.5cm. $4.00. 


A cursory examination of this book serves to reveal the good 
workmanship of Professor Watt in his revision of the older text by 
Professors Schoch and Felsing. While the ultra-conservative 
approach to the subject is not attractive to the reviewer, there are 
many successful chemistry teachers for which this book will have 
a strong appeal. The book definitely emphasizes the commercial 
aspect of elementary chemistry. This is indicated by such 
chapter titles as ‘‘Battery Cells,” “Industrial Electrochemical 
Processes,’ “‘Commercial Production of Acids and Bases,”’ and 
“Commercial Production and Utilization of Salts,” and four 
chapters on organic chemistry entitled ‘I, Hydrocarbons,” 
“TI, Derivatives of Hydrocarbons,” “III, Organic Materials of 
Natural Origin,” and “IV, Organic Synthetic Products.” It 
must be stated, however, that this is not a ‘‘modern” text since it 
makes little or no attempt to correlate the properties of the 
elements and their compounds with the periodic system, or to 
explain these properties in terms of atomic and molecular struc- 
ture. The text includes chapters on atomic structure, periodic 
system, and nuclear structure, but this material is little used 
throughout the rest of the text. The elements are not discussed 
by periodic families but are presented in chapters bearing such 
titles as ‘‘Heavy Metals,” ‘‘SSome Non-Metallic Elements,” and 
“Some Binary Compounds of Non-Metallic Elements.” 

Though little use is made of the Mendeleeff form of the periodic 
chart, the authors feel called upon to defend it, making the state- 
ment, to which the reviewer does not ascribe: “Tt isan interesting 
fact that those who criticize the Mendeleeff arrangement most 
severely are those who know the least about it,” 

Many teachers will appreciate the compact nature of the book, 
as well as the lists of exercises and suggested readings at the 
ends of the chapters. It.is unfortunate that this book, in common 
with so many other elementary texts, suffers from minor inaccura- 
cies and ambiguous statements. Examples found in leafing 
through the text include: 

Page 6. The statement is made that, ‘“‘The average kinetic 
energy of all different kinds of gas molecules is the same.”’ No 
reference is made to temperature in the sentence though it is 


‘mentioned further down in the paragraph. 


Page 161. The statement concerning solubilities of alkali 
metal compounds does not hold for LiOH, Li,COs;, Li;POx, ete. 

Page 162. There is nothing surprising about the lack of re- 
semblance between manganese and the halogens. It would be 
surprising if elements of such different electronic configurations 
showed much resemblance. 

Page 168. Magnets do not have — or'+ poles. Furthermore, 
electrons are not attracted toward magnetic poles but are at 
right angles to the magnetic lines of force. 

Page 169. A beta particle has a mass 1/1836 of the H atom. 
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The author uses 1/1840 on page 168 and 1/1845 on page 174. 

Page 182 (and elsewhere). The author consistently uses the 
term “electron orbit’? when he means ‘electron shell.” 

Page 205. The statement that electrical conductivity is pecu- 
liar to solutions ignores fused salts. 

Page 206. Equilibrium Nat+tCl- = Na* + Cl> is difficult to 
defend theoretically. 

Page 215. The authors imply a parallelism between electro- 
valent and covalent compounds on the one hand, and electrolytes 
and nonelectrolytes on the other. This is inaccurate and mis- 
leading. All thé common strong acids are covalent compounds. 


Page 227. BaS, CaS, and Sr°S are soluble. 
Page 409. Incorrect structural formulas for NO.SO.OH and 
for HoSOx. 


Page 430. The existence of definite compounds of the formulas 
H,SiO, and H,SiO; has never been proved. 


HARRY H. SISLER 
Onto Stare UNIVERSITY 
CoLuMBUS, QHIO 


@ CHEMISTRY OF FOOD AND NUTRITION 


Henry C. Sherman, Professor of Chemistry, Columbia University. 
Seventh edition. The Macmillan Company, New York, 1946. 
viii + 675 pp. 47 figs. 65tables. 14 X 21cm. $3.75. 


THIS USEFUL book, long and favorably known to students of 
nutrition who have used the earlier editions, ‘maintains its estab- 
lished standard of excellence. The chief changes in the seventh 
edition as compared with the sixth include, in addition to the 
general revision to introduce newer knowledge, the addition 
of two new chapters entitled, ‘Nutritional Characteristics of the 
Chief Groups of Food’ and ‘“‘Causes and Extent of Variations in 
the Nutritive Values of Foods.” The last chapter of the sixth 
edition was mainly a plea for recognition of the idea that good 
nutrition should be given its proper emphasis as a factor in 
human progress. In the seventh edition the author recognizes 
the present general acceptance of this idea, and the last chapter 
is revised accordingly and entitled ‘Significance of Current 
Progress.” 

The first six chapters briefly summarize the chemistry of 
foodstuffs and of enzymes and digestion. A previous knowledge 
of general organic chemistry is assumed for the reader. But ample 
references to further reading are given here as they are for each 
chapter. Chapter VII attempts to outline intermediary metabo- 
lism in about 13 pages. This intricate subject is so much abbre- 
viated and has been so slightly revised that it is not very helpful 
to the serious student. 
tensive and useful bibliography. The three chapters dealing with 
calorimetry and human energy requirements are masterful as is 
also the chapter on ‘‘Protein Needs and Values.” Five chapters 
dealing with mineral elements in foods and their significance in 
human nutrition are especially interesting and authoritative. 
They include some of the extensive nutritional research from 
Professor Sherman’s own laboratories. Eight chapters (150 pp.) 
on vitamins give one of the most readable and helpful presenta- 
tions of this subject to be found anywhere. Those vitamins known 
to be significant for human welfare receive the chief emphasis. 
Other and less thoroughly studied vitamins are given only brief 
mention, The dismissal of folic acid with one sentence is a little 
surprising in view of recent developments indicating its probable 
importance in human avitaminoses. 

Professor Sherman is, however? conservative. He refuses to be 
stampeded by new enthusiasms. Not only does he await estab- 


lishment of the importance of a vitamin for human nutrition, but 
he shows other evidence of responsible conservatism. Thus he 
emphasizes the value, of using a dietary throughout one or more 
generations before concluding that it is adequate. Also, the em- 
phasis placed by physiologists upon the ability of the body to 





It is accompanied, however, by an ex-’ 
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maintain its acid-base balance does not force him to abandon the 
idea that acid-base balance in the diet should still be regarded as 
having possible value. 

The outstanding importance of this book is due to the breadth 
of view of the author on the relationship of correct nutrition to 
human welfare. There are few people in the world as well quali- 
fied as Dr. Sherman to deal with this matter and his book is in- 
dispensable to nutritionists who aim to be more than mere dieti- 


tians. 
PHILIP H. MITCHELL 


Brown UNIVERSITY 
PROVIDENCE, Ruopk IsLanp 


eo... INORGANIC QUALITATIVE ANALYSIS: 


Semimicro Technique 


Harold A. Fales, Professor of Chemistry, Columbia University, 
and Frederick Kenney, Instructor at Hunter College. D. Apple- 
ton-Century Company, Inc., New York, 1946. ix + 237 pp. 39 
figs. 15 tables. 14 X 21.5cm. $2.50. 


On First inspection this little book on semimicro qualitative 
analysis appears to be very well made up. The subjects are 
taken up in a logical and orderly manner, no unnecessary assump- 
tions are made (such as a reaction mechanism to show a deriva- 
tion of the mass law from reaction velocities), there are many 
good problems (especially on laboratory work) at the end of each 
chapter, and the laboratory directions are clear, concise, and 
direct. 

In spite of the fact, however, that the 1946 edition is supposed 
to have corrected many errors of the 1943 edition, close examina- 
tion reveals a large number of minor errors and errors of typog- 
raphy, ranging from the insertion of three extra lines of text on 
p. 8 to the omission of at least one complete line of text on p. 172. 
Unfortunately such errors are not compensating, and leave the 
neophyte chemist somewhat confused. While minor errors in 
textbooks are quickly recognized and corrected by an advanced 
student or instructor, the beginner often puzzles over them for 
long periods, and only becomes more confounded. In addition 
where frequent errors are pointed out, the student loses con- 
fidence in the text to such an extent that whenever a difficultly 
understood section is encountered, he is apt to assume that it, 
too, involves some error and therefore does not make much effort 
to understand it. 

Apart from typographical and careless errors, the reviewer 
questions, among other things, the wisdom of including a rather 
detailed discussion of the Wheatstone bridge in the chapter on 
strong and weak electrolytes, the failure to emphasize that 
higher hydrates of the proton exist in aqueous solution as well as 
H;0+, and the stressing of sulfide precipitates and sulfide ion in 
the analytical procedure in spite of much evidence that the 
precipitates from aqueous solution may be bisulfides formed from 
the acid sulfide ion. Also, the use of nitric instead of acetic acid 
to acidify a solution of lead ion before precipitating PbCrO, can 
lower the chromate ion concentration sufficiently to cause trouble, 
and the use of HC] instead of HNO; for acidifying the silver am- 
monia complex ion already in the presence of a chloride ion can 
cause the AgCl precipitated to dissolve as AgCl.~. Another de- 
fect in the silver group procedure is the absence of any directions 
for the detection of silver ion in the presence of a large amount of 
mercurous ion. The reviewer also wonders how many students 
will count out the 180 drops of reagent called for on pp. 204 and 
205. 

It is unfortunate that this text suffers from such defects as 
have been mentioned above, for the need of a short, well-organ- 
ized text in semimicro qualitative analysis is real. 


J. 8. COLES 


Brown UNIVERSITY 4 
PROVIDENCE, RHope Is_anp 
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WELCH STAINLESS STEEL 
TRIPLE BEAM TRIP-SCALE 


Cobalite Knife-Edges * Agate Bearings 


—Stable and Well Damped 








CAPACITY: 
1,610 grams 








No. 4050 
e STAINLESS STEEL BEAMS 
e IMPERVIOUS TO CORROSIVE FUMES 


e SPEEDY 











SENSITIVITY: 
0.1 g. 











e DURABLE CONSTRUCTION 


e ACCURATE ; ; 


DISTINCTIVE FEATURES 


Stainless Steel ; 
The beam and all exposed parts are of stainless steel, which 
is practically noncorrodible by laboratory fumes. In fact 
these stainless steel.parts have been placed in the following 
solutions for one month: Ammonium Hydroxide, Chromic 
Acid, Formaldehyde, Hydrogen Sulphide, Sodium Hypo- 
sulphite, Nitrie Acid, Sodium Chloride, Molten Sulphur, 
and Sulphuric Acid, and at the end of that period showed a 
total penetration of less than .0003” for any solution. This 
resistance of stainless steel insures for many years bright, 
clear, easily read scales, while the old designs with ferrous 
or nickel beams become unreadable in a comparatively short 
while. This exclusive advantage in the Welch balance will 
be appreciated by all laboratory directors. Because of the 
use of Stainless Steel, it is possible to have fine, sharp lines, 
which are easily read. Every tiny screw, rivet or nut, in 
this balance is of stainless steel. 


Beam Arrest 
A beam arrest button is at the left end of the base thus 
providing for rapid, accurate weighing. This feature is 


particularly valuakle, for the novice may learn on this com- 
paratively rough-weighing scale that the damping .device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Covered Bearings 


The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife-Edges 


The knife-edges are hard, corrosion-resistant Cobalite, a 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in “‘extra-cost,” high-grade analytical balances. 
In industrial applications, the remarkable performance of 
this hard, corrosion-resistant material is well known. 








Complete with two extra weights, Each $18.00 








W. M. WELCH, SCIENTIFIC COMPANY 


Established 1880 


» A2585 Sedgwick Street, Dept. D 


Chicago 10, Illinois, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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strongly believed that it is seldom thought necessary 
to parade it. Certainly, the practical objective of 
education and training is to be able to do as well as to 
be. The project method, laboratory work, research 
problems—al] are active rather than passive forms of 
education. 

One of the best examples of ‘‘active” education was 
brought to our attention a short time ago in the form of 
the Eastern Colleges’ Science Conference held at Vassar 
College, February 8 to March 2. Organized and 
conducted entirely by undergraduates, its comprehen- 
sive program was entitled ‘Science, Philosophy, and 
Society.”’ 

The three-day program featured not only addresses 
by prominent men in the fields of science and philoso- 
phy, but also three sessions at which student papers 
were presented in chemistry, the physical sciences, and 
the biological sciences, as well as two half-day sessions 
of exhibits and demonstrations. At the chemistry 
,session, six undergraduate papers were given by repre- 
sentatives from four institutions, devoted to various 
subjects in analytical, physical, and organic chemistry. 

Twenty-six different colleges and universities par- 
ticipated in the Conference, including.11 women’s 
colleges, and satisfaction with results was so great that 
the Conference has been established as a permanent 
organization and will be held annually hereafter. 

In describing some of the results of the Conference its 








To “LEARN by Doing” is an educational slogan so | 








Executive’ Chairman, Miss Pauline Newman, ‘says: 


As a direct result of the Conference, the Yale Scientific Maga- 
zine, publishers of our official report in their forthcoming issue, 
have decided to change their policy to one devoted specifically to 
the publication of undergraduate papers. Other benefits are 
also becoming manifest, in the stimulus given to undergraduate 
scientists by providing an active vehicle for the recognition of 
their studies and researches. We should like, if possible, to 
attempt to extend these benefits to other groups, and feel sure 
that once such a plan is initiated (if that has not already oc- 
curred), it will carry through of its own momentum. 


This sort of student enterprise cannot be commended 
too highly. Whether it be as a preparation for a scien- 
tific career or merely for participation in the social 
benefits of science, the advantages of cooperative effort 
like this are many. For one thing college students 
are inclined to be narrow and “provincial” in their 
outlook; they are generally unaware of what goes on 
in their own fields of interest in neighboring colleges. 
It is illuminating and stimulating to discover that the 
answers to some of one’s own problems have been 
found in rival institutions, or perhaps, on the other 
hand, that the same unanswerable problems exist 
everywhere. It is important that we develop more 


and better kinds of intercollegiate contact than those 
on the athletic fields. 

Although academic concentration seems to be greater 
in the Northeast, there is no reason why similar inter- 
collegiate conferences should not be possible elsewhere. 
Where is the youthful initiative to organize them? 














FLUORINE— 
An Important Material 
for Postwar Development 
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UPPER LEFT: Asbestos will burn, but so will almost anything in a jet of elemental fluorine. One of the most 
chemically active elements known, fluorine is the only substance which will ignite and actually burn the silicon 3 


compounds which normally make asbestos fire proof. 


up in smoke as a jet of pure fluorine gas is run into a light steel tube. 
flame is caused by the vigorous reaction of fluorine on the hydrogen and oxygen in the water. 
A stick of sulfur burns furiously when simply placed in a stream of pure fluorine gas. 
burst into flame and was rapidly consumed when put in a jet of pure fluorine gas. 


Wirirn the return of peace chemists and sciegtists 
turned much of their attention to one of the most 
fascinating and difficult fields of chemistry—the pro- 
duction, packaging, and use of the element fluorine for 
the benefit of mankind. 

In early years this halogen, chemically the most 
active element known, had intrigued, but baffled, 
scientists; however as research on its properties pro- 
ceeded they became more and more convinced of its 
potential value. For by no means the least of its qual- 


1 Manager of Research and Development, Pennsylvania Salt 
Manufacturing Company, Philadelphia, Pennsylvania. 


LOWER LEFT: Steel burns and the tough metal goes 
UPPER CENTER: Water on fire! 


This 
LOWER CENTER: 
RIGHT: A piece of wood 


ities was that once it combined with another element, 
the resulting compound became in many cases more 
stable. 

Although the gas was identified as an element by Sir 
Humphrey Davy and Andre Ampére in 1813, it defied 
isolation until Henri Moissan succeeded in 1886 in find- 
ing the right method of electrolysis of a solution of hy- 
drogen ‘fluoride and potassium bifluoride to give him 
small laboratory samples of fluorine, an event hailed by 
contemporary chemists as one of the great discoveries 
of the time. The laboratory technique provided enough 
for somewhat limited study of the gas in laboratories up 
through the last decade, bug practical methods of pro- 
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ducing the gas commercially still had not been de- 
veloped. 

Then the recent: war suddenly spurred research at an 
accelerated rate. Both allied and enemy scientists 
eagerly sought new fluorine products. 

Sgme of the results of this work have not yet been 
fully disclosed. The Smyth report on atomic energy 
mentions prominently the use of uranium hexafluoride. 
An important contributing factor to allied victory was 
the large capacity to produce high-test gasoline by the 
alkylation process using hydrofluoric acid. The use of 
fluorine compounds in refrigeration, already known, was 
studied and given wide application. 

Realizing the importance of this new field of fluorine 
chemistry, the Whitemarsh Research Laboratories of 
the Pennsylvania Salt Manufacturing Company, with 
fluoride experience going back to 1865, intensified 
independent research in production of fluorine and 
study of its possible applications. In June, 1946, this 
company for the first time announced fluorine com- 
mercially available in cylinders, for general research by 
those equipped to work with it. 

















History of Fluorine 


Fluorine, rated as 20th in abundance of elements 
ound in the earth’s crust, was first recognized as a 
chemical entity by George Agricola, father of miner- 
alogy, in 1529. Discovering the ready fluxibility of 
fluorine ores, he named the widely distributed minerals 
“fluores,’’ derived from the Latin ‘‘fluere,”’ meaning ‘‘to 
flow.” The next important step in fluorine history was 
he discovery in 1670 by Heinrich Schwanhardt of 
Nuremberg that the vapors from fluorspar in sulfuric 
acid (actually hydrofluoric acid vapors) would etch 
glass. In 1764 A. 8. Marggroff distilled the same mix- 
ure in a glass retort, concluding that the acid separa- 
ted a volatile earth from the fluorspar. C. W. Scheele, 
repeating these experiments in all-metal apparatus, 
concluded that the sulfuric acid liberated a new acid 
which he called fluor acid, now known as hydrofluoric 
acid or hydrogen fluoride. Early investigators tried to 
determine the substance with the hydrogen in this acid 
by decomposing it into its components. However, the 
experiment resisted the efforts of such great chemical 
pioneers as Scheele and Lavoisier. 

The pioneering in electrolytic chemistry and its use 
in isolating chlorine from hydrochloric acid by Davy 
early in the 19th century gave the first real clue to the 
existence of fluorine, the element. When Davy pub- 
ished his work on chlorine, Ampére pointed out the 
phalogy between hydrochloric and hydrofluoric acid and 
suggested that electricity might also decompose the 
atter into its elemental components. He proposed the 
hew element be named le fluor—fluorine—in agreement 
vith the recently adopted name for chlorine. 

Ampére showed unusual foresight into the nature of 
he as yet undiscovered element when he wrote to Davy: 
















The only difficulty to be feared is the combination of the fluorine 
set free with the conductor. Perhaps there is no metal with which 
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it would not combine. But supposing fluorine, like chlorine, 
should be incapable of combining with carbon, this latter body 
might be a sufficiently good conductor for it to be used with suc- 
cess in this experiment. 

No one could really doubt Ampére’s ae a of the 
new element, but for more than 70 years it resisted 
every attempt to isolate it. Davy seemed to be on the 
right track in his first attempts to follow Ampére’s sug- 
gestions. In 1813 he attempted to electrolyze hydro- 
fluoric acid, using a cell made of horn silver (fused silver 
chloride) with platinum electrodes. He failed, probably 
because of water in the liquid hydrofluoric acid. Davy 
then attempted to drive fluorine from its compounds by 
means of chlorine in vessels of sulfur, carbon, gold, 
horn silver, and platinum, but none appeared capable of 
resisting the action of the combinations. Other investi- 
gators tried to decompose fluorides with heat, while 
some thought it possible that fluorine might be obtained 
by a chemical process in which a higher fluoride would 
decompose into a lower fluoride, giving off free fluorine. 

All these attempts failed. Even the great Michael 
Faraday brought all his experience and keen imagina- 
tion to the project, but after many weary months he 
wrote in 1834: “TI have not obtained fluorine. My ex- 
pectations, amounting to conviction, passed away one 
by one when subjected to rigorous examination.” 

So baffling was the problem, so elusive and difficult 
the element these pioneers sought, that they were driven 
back into the dark-age thinking of alchemy. It was 
seriously proposed after Faraday’s failure that fluorine 
truly was the universal solvent, the alkahest the an- 
cients thought would aid their search for gold. Even 
so the search continued. It is believed that several 
lives were lost, and undoubtedly many courageous 
researchers were injured. 

Henri Moissan, then a rather obscure French organic 
chemist, hit upon the significance of the observations of 
Faraday and others that anhydrous hydrogen fluoride 
did not conduct electric current, and that when water 
was present, a current would pass, but only the water 
would decompose, producing hydrogen and some 
oxygen compounds. 

In 1885 he found that potassium fluoride could be 
dissolved in liquid hydrogen fluoride to produce a solu- 
tion that would conduct current. One year later—June 
26, 1886—Moissan successfully decomposed hydrogen 
fluoride into hydrogen and fluorine by electrolyzing this 
solution at —23° C. in a platinum U-tube, using plati- 
num-iridium electrodes. Sir Henry Roscoe, famous 
English chemist, statesman, and educator, called this 
experiment the solution of one of the most difficult 
problems of modern chemistry. 

A very important step. forward was made in 1900 
when C. Poulenc and M. Meslous, French chemists, de-- 
vised a metal fluorine cell of the diaphragm type. They 
found not only that copper could be used for the tank to 
hold the electrolyte devised by Moissan but also that 
copper would serve as a diaphragm to extend into the 
electrolyte between the two electrodes to separate the 
gaseous products, fluorine and hydrogen. It appeared 
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that this might not work because copper, an excellent 
conductor, apparently would act as a bipolar electrode 
in the diaphragm, liberating fluorine into the hydrogen 
side of the cell and vice versa. This probably would 
have caused explosions, or at least a very low cell 
efficiency. However, they discovered that a fluoride 
film formed quickly on the copper and insulated the 
diaphragm from the electrolyte, making a workable 
cell. 

The first cell designed to work at elevated tempera- 
tures was reported by W. L. Argo and coworkers in 
1919. They prepared fluorine by the electrolysis of 
molten potassium bifluoride at 225° to 250°C. in an 


electrically heated copper vessel which also served as the . 


cathode, the anode being graphite. A slotted copper 
diaphragm was used to keep the two gases separate. 
But the work to develop production of elemental 
fluorine by practical methods still went forward. A cell 
operating at 150°C. with a nickel anode was used. 
A complete study of the effect of water on the elec- 
trolysis was made by Karl Fredenhagen and Oswald 





Steam catches on fire and burns like natural gas when simply in- 
jected into an atmosphere of elemental fluorine gas. From the boil- 
ing water in the flask below, steam is rising into the glass tube above 
where a stream of fluorine is being injected from the right. The re- 
action is very rapid and in a few seconds the glass will become com- 
pletely etched by the hydrofluoric acid resulting from this combustion. 
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Krafft in Germany. They reported that water in the 
solution caused polarization and serious erosion of 
graphite anodes and contaminated the fluorine gas with 
oxygen. This work was all-important because, although 
the research in fluorine organic compounds was being 
pressed during the last decade, it was definitely limited 
by the lack of sufficient quantities of the elemental gas 
and means to control it. 

A great forward step was taken in 1931 when an- 
hydrous hydrofluoric acid was first produced commer- 
cially by Penn Salt, and the first tank car load of this 
increasingly important acid was shipped by that com- 
pany. Availability of such concentrated fluorine raw 
material gave impetus to fluorine chemical research. 
Such developments as “freons” for refrigerants and 
production of high-powered aviation gasoline, using 
this acid as a catalyst, have been outstanding. 

A number of military projects instituted after 1941 
required large amounts of fluorine compounds, and 
their active manufacture was pushed on a large scale. 
The production of hydrofluoric acid alone jumped from 
5000 tons in 1931 to an estimated 53,000 tons in 1944, 
and even higher in 1945. New fluorine chemicals, both 
inorganic and organic, were developed. 

With the first commercial production of the element 
itself now underway, new frontiers are opened which 
may lead the way to many new and useful products, 
ranging from insecticides to plastics. 


& Properties of Fluorine 


The extreme reactivity of fluorine gas is demon- 
strated by the fact that immediately upon contact with 
many materials, it ignites them. The gas flowing onto 
the surface of water will actually make the water burn. 
Wood or asbestos held in a stream of fluorine will ignite 
and burn very quickly. Glass at slightly elevated tem- 
peratures also will burn, giving off smoke much like 
wood smoke in appearance. Steel at a dull red heat 
also will catch fire and burn furiously upon contact 
with fluorine, as will most other metals at elevated tem- 
perature. 

Fluorine is a nearly colorless gas which can be con- 
densed below the critical temperature of —129°C. toa 
liquid which boils at —187°C. under pressure of 14.7 
pounds per square inch. In physical properties fluorine 
resembles oxygen and nitrogen. 

It has an intense odor which some observers describe 
as similar to ozone, somewhat chlerine-like and highly 
irritating. The hazards of exposure to fluorine gas are 
said to be at least as great as those of chlorine. Fluorine 
readily displaces chlorine and other halogens from the 
solid metal halides and reacts immediately with water to 
form hydrogen fluoride, oxygen, and some oxygen 
fluoride. Fluorine can be handled at atmospheric or 
moderately elevated temperatures in metals such as 
copper, iron, magnesium, nickel, and Monel. In these 
materials an adherent fluoride film appears to give the 
necessary protection to metal surfaces. Fluorine can be 
observed for short times in glass or quartz vessels at at- 
mospheric temperature if it is quite free from HF. 
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& Preparation of Fluorine 


Although other methods are being studied, the elec- | 


trolytic process for producing fluorine is the only one so 
far considered practical. The cell commonly used? is a 
rectangular-jacketed vessel of welded low-grade carbon 
steel with an airtight removable cover. Suspended 
from the cover are carbon anodes, steel cathodes, and a 
steel gas barrier. The anodes and the gas barrier are 
insulated from each other and from the cathode which is 
electrically connected to the cell body. The barrier 
surrounds the anodes and extends below the surface of 
the electrolyte to keep separate the products of elec- 
trolysis. 

The cell operates normally at 9 to 10 volts and 250 
amperes with about 90 per cent current efficiency and 
can handle a fairly high overload. Large electrode 
over-voltages, however, as well as electrolyte resistance, 
reduce the over-all efficiency to a low value. 

The electrolyte is made up of a solution of anhydrous 
acid (AHF) in fused potassium bifluoride (KHF,) with 
a composition of 40 per cent AHF by weight. Solid 
KHF; charged into the cell is heated to about 95°C. by 
steam in the cell jacket but remains solid until added 
AHF lowers the mixture’s melting point. At a concen- 
tration of 40 per cent AHF the melting point of the mix- 
ture is 72°C. When electrolysis begins, HF dissociates 
to form fluorine gas at the anode and hydrogen at the 
cathode. ‘Fhe two gases are kept separate by the bar- 
rier and are drawn from the cell continuously. AHF is 
added to the cell, either continuously or intermittently, 
to regenerate the electrolyte. 

Five per cent HF and one per cent of other impurities 
are removed from the fluorine by absorption in sodium 
fluoride or by chilling. After purification, the gas is 
compressed in special steel cylinders at 400 pounds 
pressure. For some applications the fluorine can be 
used directy as it comes from the cell. 


& Uses of Fluorine 


When in 1909 the Pennsylvania Salt Manufacturing 
Company shipped the first tank cars of liquid chlorine in 
the United States, the floodgates of the infant chlorine 
chemical industry were opened. Today this industry 
has so expanded that virtually every phase of our lives 
is in some way affected by compounds of that halogen. 
So, today the chemical industry stands at the threshold 
of a whole new field of chemistry evolving from the utili- 
zation of fluorine. a 

Fluorine chemistry is not new, but until the element 
itself could be controlled, this field was somewhat 
limited. Fluorine compounds have long been used as 
wood preservatives. Cryolite, or sodium fluoaluminate, 
imported from Greenland since 1865, became tre- 
mendously important to the nation’s economy when it 
was found to be the perfect electrolyte for making 
aluminum from alumina. This unusual mineral has also 
become very important to agriculture as an insecticide. 
Scientists have found that micron-sized cryolite is toxic 


? Chem. and Met. Eng., 53, 106-8 (July, 1946). 
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to most destructive chewing insects and can be safely 
applied to food crops. Recently this insecticide was 
instrumental in saving from ruination by the velvet 
bean caterpillar a $100,000,000 peanut crop in Alabama 
and Georgia. It is widely used for control of the codling 
moth and for many garden and farm insects. 

In 1931 fluorine organic compounds, “freons,’’ were 
developed.as refrigerants. Early in the century a 
German chemist produced a fluorine compound “as 
clear as glass and almost unbreakable,’ presaging 
fluorine plastics with unusual properties now being de- 
veloped. 

Although many uses for the element itself are yet to 


‘be determined (it has only recently been available for 


such research), several uses of the gas already have been 
evolved. One of the most important is in making 
uranium hexafluoride, such as was used by the Man- 
hattan Project. Another isin the making of sulfur hexa- 
fluoride, a stable gas which has already proved its value 
in high-voltage insulation. Scientists have found that 
this gas, used as an insulator, can double the voltage 
capacity of the Van de Graaf generator or make possible 
generators half the present size but producing the same 
voltage. The-dielectric and insulating capacities of sul- 
fur hexafluoride may provide the way for major forward 
steps in nuclear physics, high-voltage X-ray, and other 
work where unusually high voltages are needed for the 
operation. 

Another important use for fluorine was developed by 
the Germans during the war. This was in the manu- 
facture of chlorine trifluoride, a liquid incendiary which 
the Germans are said to have used successfully to burn 
out the anti-gas ports of the famous Belgium fortress, 
Eben Emael. This compound may have very impor- 
tant peacetime uses as a means of fluorinating other 
compounds. r 

At present, intensive investigation is being made into 
the problem of direct fluorination of organics. Because 
the gas is so reactive, it destroys the structure of most 
organics on contact. Yet fluorine atoms can only be 
put into some organic molecules by methods involving 
several complicated steps, whereas chlorine can be 
added to many molecules directly and with ease. 

A number of organic fluorine products already have 
been made successfully, including plastics, fluorocar- 
bons, DFDT, and some dyes, but once improved 
methods of fluorination are obtained, many possible 
new materials are visualized. Among these are highly 
stable and chemically resistant lubricating oils and heat 
transfer media, improved dielectric media (liquid and 
gaseous), fungicides, fumigants, germicides, herbicides, 
stable solvents, anesthetics, lubricants, fire extinguish- 
ing agents, fireproofing materials, and numerous resins 
and plastics. 

Another important phase of fluorine research is the 
study of metal fluorides, fluophosphates, fluoborates, and 
fluosilicates. The inorganic side of fluorine chemistry 
may well be as important to our future economy as the 
organic. 
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& Outline of Literature on Organic Fluorine 
Compounds ; 

Organic fluorine compounds have been known for a 
long time, but since they had erroneously acquired the 
reputation of dangerous laboratory curiosities, the com- 
mercialization of these compounds was belated. It was 
not until the introduction of the polyfluorides as excel- 
lent refrigerants in the early thirties that an enthusiastic 
interest in these compounds developed. Earlier work 
on the investigations of these compounds was reviewed 
by Moissan (7). An excellent review of this subject up 
to 1936 is given by Bockemiiller (2). Henne (3) has 
written two reviews on aliphatic fluorine compounds. 


Wiechert (4) has reviewed the applications of hydrogen’ 


fluoride for organic chemical reactions which include 
many organic fluorine compounds. The properties of 
the alkyl fluorides and a comparison of their properties 
with alkyl halides were evaluated by Grosse, et al. 
(5). Scherer (6) has written a summary of organic 
fluorine compounds. 

Organic fluorine compounds have been prepared by a 
variety of methods. At present the method most gen- 
erally employed is the interchange of halogen atoms be- 
tween an organic halide and an inorganic fluoride. The 
use of elemental fluorine in the preparation of organic 
fluorine compounds on a commercial scale is still in its 
infancy, awaiting technical improvements. There are 
several ways in which elemental fluorine may be used: 
(1) direct action of fluorine upon the organic compound 
(2, 7, 8, 9); (2) the use of “carriers,” such as AgF2 or 
CoF;, which readily give up part of their fluorine (2), 
the elemental fluorine being used to replace hydrogen 
atoms, chlorine atoms, or both. It will also add to un- 
saturated linkages present in the organic compound 
(2). 
The full literature on fluorine chemistry would num- 
ber several hundied items. The references cited in this 
review are an illustrative group which will serve as an 
introduction to this expanding field. The most exten- 
sive recent list of papers in this field cover those pre- 
sented at the Symposium on “Fluorine Chemistry,” 
conducted by the Division of Industrial and Engineer- 
ing Chemistry, American Chemical Society, in Chicago, 
Sept. 11-13, 1946. Fifty-three papers were included. 


(1) Morssan, H., “Le Fluor et ses Composes,’’ Steinheil, Paris, 
1900. 

(2) BockemMULuterR, W., “Organische Fluorverbindungen,” 
Ferdiriand Enka, Stuttgart, 1936; Lithoprinted by 
Edward Brothers, Ann Arbor, Michigan, 1945. 
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(3) Henne, A. L., in “Organic Reactions,” John Wiley and Sons, 
Inc., New York, 1944, Vol. II, p. 49; in H. Giimay, 
“Organic Chemistry,” 2nd ed., John Wiley and Sons, Inc., 
New York, 1943, Vol. I, p. 944. 

(4) Weicuert, K., Die Chemie, 45, 333 (1943). 

(5) Grossg, A. V., R. C. Wacuer, anv C. B. Linn, J. Phys. 
Chem., 44, 275 (1940). 

(6) ScuErer, O., Angew. Chem., 52, 457 (1939). 

(7) BicEtow, L. A., anp N. Fuxunara, J. Am. Chem. Soc., 63, 

2792 (1941). As 
(8)“Simons, J. H., anp D. F. Herman, zbid., 65, 2064 (1943). iatre 
(9) Miuier, W. T, tbid., 62, 341 (1940). Hel 

(10) Fineer, E. C., Chem. '& Met. Eng., (6) 51, 101 (1944). ; 
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& An Introduction to the Chemical Literature of J wis 
Inorganic Fluorine Compounds phil 


Fluorine forms compounds with all the elements ex- § His 
cept the inert gases. Many of these inorganic fluorine § S¢'V 
compounds can be prepared by several methods. How- § 2d 
ever, some, especially those in a high state of oxidation, adhe 
require or are better prepared with elemental fluorine, § @¢kx 
Examples include such compounds as sulfur hexafluo- § °@™' 
ride, cobaltic fluoride, silver polyfluoride, and mercuric f '° th 
fluoride. The early work on inorganic preparations with life } 
elemental fluorine was reviewed by Moissan (7) and by § ©0!2 
Ruff (2). An excellent tabulation of all the chemical pend 
literature on the preparations of these compounds made High 
before 1922 is given by J. W. Mellor (4). Three of the § Lone 
latest reviews of fluorine and its compounds are by § Prn¢ 
Damiens (6), Ruff (7), and Emeléus (8). An extensive § ™ Vi 
study of oxidation reactions of fluorine has been made Va 
by Fr. Fichter and his coworkers (3). The complex § °” h 
reactions of fluorine with water and with metal hy- him- 
droxides have been reported by G. H. Cady (8). real 





These references are of general interest and only serve first 
as an introduction to the literature on inorganic fluorine dioxi 
compounds. silve 

fact 1 

(1) Morssan, H., “Le Fluor et ses Composes,” Steinheil, Paris, of his 

1900. chare 

(2) Rurr, O., “Die Chemie des Fluors,” Julius Springer, Berlin, § The , 
1920. oid 

(3) Ficuter, Fr., anp K. Humpert, Helv. Chim. Acta, 6, 640 spirit 
(1923); Fr. Ficuter any A. Goxpacu, ibid., 13, 1200 time, 


(1930). novo 
(4) Metior, J. W., “A Comprehensive Treatise on Inorganic § ¢a]] b 
and Theoretical Chemistry,” Longmans, Green and Com- derive 


pany, London, 1927, Vol. IT. 
(5) Capy, G. H., J. Am. Chem. Soc., 57, 246-50 (1935). Dutel 
(6) Damrens, A., Bull. soc. chim., [5] 3, 122 (1936). hence 
(7) Rurr, O., Ber., 69A, 181-94 (1936). choice 
(8) Emetkus, H. J., J. Chem. Sgc., 1943, Trans. II, 441-47. not u: 
(9) CatLanam, J. R., Chem. & Met. Eng., 52 (3), 94-9 (1945). tata 
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The following corrections should be noted for errors which appeared in recent issues of TuIs 

Journau: Reference (1) [23, 458 (1946)] should have.cited.J..Soc. Chem. Ind.; the author of 

“The Chemical Aspects of Light” [24, 50 (1947)] is E. J. Bowen and of “Two Czech Chemists” 
[24, 208 (1947)] is Gerald Druce. 
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As disciple of Paracelsus, first and foremost of the 
iatrochemists of the 16th and following centuries, van 
Helmont, known to all chemists as the originator of the 
term “gas,” occupies a prominent place. Descended 
from a noble Belgian family, Jan Baptist van Helmont 
was born in 1577 in Brussels. Early in life he studied 
philosophy and theology at the University of Louvain. 
His interest in natural science and an inclination to 
serve his fellow men brought about a switch to medicine, 
and in 1599 he took his doctor’s degree. At first an 
adherent of Galenus (131-205), for many centuries the 
acknowledged medical authority in Europe, he later be- 
came a follower of Paracelsus (1493-1541). In contrast 
to the latter’s stormy career, van Helmont’s professional 
life was singularly uneventful. Although his life span 
coincided with the long struggle of the Dutch for inde- 
pendence (1568-1648), it was spent mostly in solitude. 
Highly regarded as a physician and chemist, he visited 
London in 1604-05 but, unmoved by tempting offers of 
princes, he returned to his manorial estate of Mérode 
in Vilvorde near Brussels, where he died in 1644. 

Van Helmont’s reputation as a chemist rests securely 
on his original investigations on gases which make 
him—to quote the opinion of Ernst von Meyer—*“‘the 
real founder of pneumatic chemistry.” He was the 
first chemist who made a detailed study of carbon 
dioxide, which he called gas silvestre. The adjective 
“silvestre,” meaning wild or untamable, referred to the 
fact that it could not be tamed or condensed. In one 
of his experiments van Helmont burned 62 pounds of 
charcoal and found a residue of one pound of ash. 
The other 61 pounds had disappeared as an invisible 
spirit. Writing in Latin, the official language of his 
time, he says: “‘Hunc spiritum, incegnitum hactenus, 
novo nomine gas voco”’ (this spirit, hitherto unknown, I 
call by a new name, gas). The term gas may have been 
derived from the Greek chaos, but it also resembles the 
Dutch verb for the fermentation process “gisten’’ and 
hence this too may have influenced van Helmont’s 
choice. It is interesting to note that the term gas was 
not used by Boyle, Boerhaave, or Priestley and it came 
into common use only when Lavoisier re-introduced it 
toward the end of the 18th century. 

Van Helmont’s researches on gas silvestre were quite 
extensive. He found that it is formed not only by burn- 
ing charcoal, alcohol, and organic material, but also by 
the fermentation of beer and wine and by the action of 
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acids or vinegar on shells and limestone. He likewise 
noted its presence in some springs and caves. He ob- 
served, like others before and after him, the volume 
change in air when a candle burns in a closed space, 
without being able to explain this experiment. 

The predominant role played by water in naturally 
occurring processes was -studied by van Helmont in 
long-continued and painstaking experiments. No one 
but a first-class investigator would spend five years in 
raising a five-pound willow, placed in an earthen pot 
containing 200 pounds of dried earth, to a specimen tree 
of 169 pounds and three ounces, the pot having being 
supplied with nothing but rain water or distilled water 
during all that time. The earth when dried and re- 
weighed had lost only two ounces. No wonder that 
water was considered by van Helmont as one of the 
primordial substances, the other one being air—the two 
“elements” he considered as not being transformable 
into each other. In this respect he differed from 
Aristotle who assumed four elements—earth, air, fire, 
and water—and even from his predecessor, Paracelsus, 
who recognized three elementary substances—mercury, 
sulfur, and salt. ; 

As can be seen from the few examples given, van 
Helmont made good use of the balance as a scientist’s 
tool. In this respect he was a worthy scientific ancestor 
of Lavoisier who is usually credited with the introduc- 
tion of the balance as an indispensable piece of equip- 
ment in chemical laboratories. 

In spite of his remarkable chemical achievements, 
van Helmont was, nevertheless, a child of his time, being 
subject to the mysticism and superstitions of his cen- 
tury, such as transmutation, spontaneous generation, 
and the belief in a cure-all (alkahest). He mentions, for 
instance, the fact that he had received from an ‘“‘adept’’ 
one-fourth of a grain of a powder with which he, him- 
self, had changed eight ounces of mereury into gold. 

Van Helmont’s collected writings were first published 
in 1648 after his death by his son, Franciscus Mercurius 
van Helmont, under the title “Ortus Medicinae, vel 
Opera et Opuscula Omnia.” This work has been re- 
printed and translated repeatedly afterward. 

In addition to the picture of van Helmont reproduced 
as the Frontispiece, there exists a 17th century print, 
adorned with the family coat-of-arms, on which both 
van Helmont and his son are shown. On this print his 
given names are spelled “Joannes Baptista.” 
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naturally centered around the rapidly expanding es- where, in general, the conventional laboratory pattern and | 
sential war industries. The amount of such construc- has been discarded in favor of functional design. the fe 
tion was enormous. In most cases the facilities were This meeting is particularly timely in view of the Even 
needed long before they could be built. As a result, Jarge amount of college construction currently in the§ comn 
normal laboratory construction for instructional pur- planning stage. As a preliminary step in setting up§f the ni 
poses had to be by-passed. Now we find ourselves the program, the speaker sent questionnaires to 350§ to mé 
trying to teach a suddenly increased number of students, _jnstitutions selected from the 711 colleges and univer-§ Powel 
whose interest in science has been greatly stimulated by _ sities listed under that heading in the Educationalff fly as 
war experience, in laboratories and laboratory buildings — Directory for 1946-47 of the Federal Security Agency,f with 
which should have been increased in size and modern- (ffice of Education. A smaller number of professionalf to ot! 
ized in facilities years ago. This increase in numbers  gchools and teachers colleges were included in the list.§ medic 
has resulted largely from the G. I. Bill. The increase The schools were not selected at random; almost all dents 
in interest stems in part from the realization of the the state universities, the large privately endowedgare cl 
practical value of scientific training and in part from the _yniversities, and the larger liberal arts colleges wereg truste 
science-course requirements in preprofessional courses approached. The questionnaires were so worded as tof Patter 
in medicine and dentistry, etc. Chemistry buildings yield information on floor-space plans, approximate under 
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early thirties were constructed in much the manner  gtryction eventuates in the form of finished buildinggbe ma 
described in that report. Since the publication of the One o! 


National Research Council report, there have been many 
developments adaptable to improved laboratory design 
and equipment, and it is the purpose of this symposium 
to bring such developments to the attention of those 
who have been assigned the responsibility for new 
laboratory planning. The testing ground for much of 
this has been the many new industrial research labo- 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic 
City, April 14-18, 1947. 

2 A report of the National Research Council Committee on the 
“Construction and Equipment of Chemical Laboratories,” The 
Chemical Foundation, New York, 1930, 340 pages. 
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will depend upon a number of unpredictable factors, 
such as economic conditions during the next five years, 
cost of construction, and availability of material—both 
for construction and equipment. 

Of the 200 institutions answering the questionnaire, 
137 have indicated projected laboratory construction, 
many hoping to have their operation completed by 1949,F Perv. 
58 of this number are planning entirely new chemicalg™”Y 
laboratories; 28, new general science buildings; 2) onside 
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any particular area of the country or type of college or 
university. For example, there are 46 building proj- 
ects planned by state colleges and universities, 18 by 
state teachers colleges, and 60 by privately endowed 
institutions (many of the liberal arts college type). 
Sixteen schools not in the above 137 are planning new 
buildings but are not far enough along with their plans 
to hazard guesses as to either space or cost. 

The steps followed in building a chemical laboratory 
are pretty much the same regardless of the type of 
school. A departmental committee is set up to help 
design the laboratories. In the small colleges this may 
be the head of the department working alone or with 
the building committee of the Board of Trustees. The 
function of the committee is largely concerned with 
supplying the architect with an accurate listing of the 
number of students, the types of courses, layout of the 
laboratories, specific services required, etc., and an- 
swering many other questions, as Mr. Dowswell will 
point out later in the program. The site for the build- 
ing may already have been selected by the buildings 
and grounds committee of the Board of Trustees and 
the faculty committee has not too much to say about it. 
Even if this is -the case, there are certain things this 
committee should check with regard to the site, such as 
the nature of the terrain, accessibility to trucking roads, 
to main lines of service for sewage disposal, gas, water, 
power, etc., freedom from vibration, from external fumes, 
fly ash, dirt, and noise (railroads, main traveled streets 
with trolley car service), the nearness of the location 
to other related buildings of the university, such as 
medical, dental, and agricultural schools, whose stu- 
dents will bé serviced by the chemistry building. There 
are classic examples of college laboratories located by 
trustee building committees in conformity with campus 
patterns where teaching and research were carried out 
under real handicaps due to lack of appreciation of some 
of these external factors. One rather famous building 
intended for very careful work in analytical research 
had so much vibration from the street that certain 
types of work could only be done at night. Another is 
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adjacent to the boiler house stack and when the wind is 
right and the day warm the unknowns blossom out in 
all directions. 

Having selected the site, the next recommendation to 
be made deals with the general plan of the building. 
One of the first questions relates to the’ type of the 
building. For small schools with small teaching staffs 
4 one-floor building may possess many attractive fea- 
tures such as one centralized stockroom opening into all 
teaching laboratories, and the grouping of student 
laboratories, with saving of time and energy by ease of 
upervision from a safety standpoint. There are 
Many features of a one-floor building which warrant 
onsideration when chemistry buildings are being 
planned for smaller schools. Time will not permit the 
discussion at this point but those who may be interested 
ure referred to a recent article by the speaker.’ 





3 Chem. Eng. News, 24, 2187 (1946). 
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What should the materials of construction be? How 
should main service lines be carried to the different 
locations—in chases, in the outer wall, in the inner 
walls? Construction of staircases, elevator service, 
air conditioning for all or a part? Naturally your 
architect will provide the answer for many of these but 
be sure you have studied the decisions and agree. You 
are going to use the building, not the architect. 

In considering the general plan, it is important that 
the faculty building committee advise the architect as 
to the probability of the need for expansion in future 
years and the direction of such expansion. Only in 
this way can additional space be provided without the 
disruption of important services. Here it is necessary 
to consider the expected increase in student enrollment, 
in staff, and in research operations. As these expand, 
storage and service facilities must expand likewise. 

Also important in considering the general plan is the 
location of the lecture rooms and recitation rooms with 
respect to distracting outside noises, such as coal chutes, 
unloading facilities for express and freight, and prob- 
able student gathering places on warm spring days. 
Likewise in placing research laboratories, libraries, etc. 
thought should be given to preventing as much dis- 
tracting inside noise as possible. Balance rooms and 
laboratories concerned with the use of delicate instru- 
ments should be protected from fumes and vibration. 
If possible, large lecture rooms and first-year labo- 
ratories should be on the first floor of the building and 
provided with relatively direct exits to the outside. 

One of the important points commonly neglected in 

the general planning of a laboratory building has to do 
with the projected expansion of the library. It should 
be possible for the faculty building committee to advise | 
the architect with a reasonable degree of certainty both 
as to the current shelf space requirement for unbound 
and bound publications and reference books and also 
as to the probable expansion in feet per year for new 
publications and new books. If the building is proj- 
ected for 20-year use, library expansion should be set 
up on that basis. There are many supplemental serv- 
ices associated. with the library that seem to come to 
mind after the plans are drawn and the building is 
built. These include film reader service, photostat 
service, carrells for graduate students and faculty. 
Of all the rooms in the building, the library room should 
be the one most adequately provided with comfort 
facilities, such as adequate lighting, acoustic treatment, 
and ventilation. One real annoyance in departmental 
libraries is the library attendant who has to do her 
typing in the reading room. In the planning it should 
be possible to make provision for work of this type. 
If the subway system in New York can have telephone 
booths so perfectly insulated acoustically that the out- 
side noise does not interfere with the phone conver- 
sation, it should be possible to provide accommodations 
of a similar type for the library attendant who may have 
to be available to the general reader and yet has typing 
to do. Details of library operation will generally be 
established for. the department by the library staff. 
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Real attention should be paid by the faculty com- 
mittee to the matter of lecture and recitation rooms’ 
facilities and comfort. Here, also, it is important to 
provide comfortable seats, adequate lighting, good 
acoustics and proper ventilation. There is no reason 
today for any chemistry lecture or recitation room to 
be lacking in any of these features, and yet, as I have 
gone around visiting chemistry departments and speak- 
ing before American Chemical Society sections, time 
after time I have been impressed by the lack of thought 
evidenced in the design of the lecture rooms. Equip- 
ment for demonstration should be visible from all 
parts of the room; fume ventilation should be provided 
in the demonstration area; slide and film projection 
equipment and housing should be handled in the origi- 
nal planning and not as an afterthought. Speaking 
from personal experience, automatic projection equip- 
ment operated from the lecture table by the mere push- 
ing of a button is much to be desired by a speaker. 
Careful consideration should be given to the method for 
darkening the lecture room for opaque and movie 
projection, while at the same time there should be suf- 
ficient light for students to take notes. Air condition- 
ing is highly desirable but the system selected should be 
quiet. Acoustical treatment should be provided on the 
ceiling and, if necessary, on the walls. Sleeping stu- 
dents do not always mean a dull lecture. The building 
planner is urged to visit the Rackham Memorial in 
Detroit and see what can be done to make the lecture 
room a real addition to the academic program. 

Much*more attention has often been paid to the 
design of laboratory equipment than may seem neces- 
sary; it sometimes appears as though every college 
professor feels he is especially called upon to design 
laboratory furniture, and there was a time when every 
installation was different from every other installation, 
and no two rooms within one installation were the same. 

The actual differences in design are often small and 
unimportant to all save the planner. ‘This makes 
interchange of equipment between divisions of a 
department difficult. This is changing, partly because 
of the pressure of the current situation, and there is a 
trend toward providing laboratory space for common use 
by two or more different courses. One evidence is the 
elimination of complicated cabinets and the increasing 
use of large drawers in. the desk, common space being 
provided for the storage of ring stands and other iron- 
ware and equipment common to all the students using 
the same desk area. This particular point will be con- 
sidered in the papers to follow and I will not attempt to 
cover it here. As an aside, may I suggest that you 
order laboratory furniture from the suppliers’ catalogs 
when possible. There are many advantages in such 
an action. 

The faculty committee next has to decide on the 
materials used in the desks. Should they: be wood or 


steel? A definite trend toward steel is now taking place. 
Should the table tops be alberene, kemrock, wood, or 
what type of construction? There are points in favor 
and against each. Should the desks be provided with 
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individual hoods or should the laboratories have large 
hoods to handle groups of students? In the past this 
has been a matter of individual preference. How 
should the service piping from feeder lines be brought 
in? What particular services are required’ by the labo- 
ratory courses being given in the room? The common 
services are gas and water; electricity, air, vacuum, 
and steam are frequently provided. What kind of 
floor covering should be. used—cement alone, cement 
with rubber mats, mastic, wood, linoleum? 

The manufacturers of laboratory furniture are to be 
applauded for the interest they have shown in improving 
their products. There has been much research on 
chemically resistant materials for finishing wood and 
steel furniture and for table tops. The results are not 
yet completely in evidence, for it is still difficult to 
obtain some of the necessary resins, but definite im- 
provements are on the way. One of the matters on 
which more research needs to be done is that of an 
adequate laboratory floor covering. The most com- 
mon flooring is a cement floor; this is also the hardest 
on the feet of the students. Many industrial labo- 
ratories are using mastic tile, which is easier on the feet. 
This is better for industrial than for student use, for 
such flooring is affected by acids and alkalies and by 
organic solvents. With proper upkeep and good house- 
keeping, this can be very satisfactory and damaged tile 
can be replaced. Wood floors have been widely used in 
the past but in times of flood or fire, these are not too 
good. Researgh has been carried out by the makers of 
materials like linoleum, substituting vinyl resins and 
other resistant resins for linseed oil and similar oil 
binders. There is some hope that these new floor cov- 
erings may be of use in the laboratory. Other labo- 
ratories use rubber mats over cement. We in our own 
laboratory use a heavy roofing paper over cement. 
This comes in the form of 36-inch wide strips, is cheap, 
quite satisfactory to work on, and can be easily re- 
placed. 

In addition to the usual laboratory services, there 
are special services for which provision must be made 
in planning a building. One such is glass blowing. 
Most universities have a glass blower with a room pro- 
vided for special work; student glass blowing is gen- 
erally done out in the open laboratory. One of the 
most distracting noises in a laboratory is the blast 
lamp. Why should not the glass-blowing bench either 
be provided with some type of sound insulation or one 
of the quiet blast lamps be made available for student 
use? ‘ 

All research laboratories today need constant- 
temperature and constant-humidity facilities. New 
designs for such equipment have evolved from wartime 
needs which are sensitive and not too expensive. Like- 
wise many laboratories will wish to install hot and cold 
rooms. In our own laboratories we have frequent need 
for temperatures as low as —20°F. and as high as 
100°F. : 

The up-to-date laboratory provides special rooms for 
micro or semimicro analysis. Dark rooms are required 
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for photomicroscopy and photochemistry, as well as 
for electron microscopy, spectroscopy, and spectro- 
photometry. Consideration should be given to the 
probable need for these special laboratory services. 

In any building there are the service rooms to con- 
sider. Small rooms for interviews will be appreciated 
by personnel men who interview senior and graduate 
students day after day. Adequate rest rooms should 
be provided for men and women with separate rooms 
for students and staff. Industry is ahead of educational 
institutions in ‘providing attractive and adequate fa- 
cilities. Adequate storage space is needed by the main- 
tenance staff for supplies and heavy equipment. Do 
not make this a last minute item. Time will not permit 
any real coverage of the subject of the most effective 
type of dispensing service for chemicals and glassware, 
but generally just enough space is set aside for this pur- 
pose to meet the immediate needs at the time of the 
opening of the building; no thought is given to the 
fact that supplies will increase at a greater rate than 
the enrollment. For one thing, there is constant pur- 
chase of special equipment for staff research projects; 
such equipment is never dismantled but is always kept 
in storage for the time when it might again be required. 
Dead storage space should not be expensive space; 
in fact, there is no real reason why dead storage should 
be provided within the confines of the laboratory build- 
ing. The larger laboratories will want to install dish- 
washing service on a pickup and delivery basis. Ad- 
equate provisions should be made for departmental 
and staff offices. It is common practice to install a 
laboratory desk in an office, under the assumption 
that the faculty man will wish to do his research in his 
office. Industry has found this to be a mistake, as it 
probably is for educational institutions, particularly the 
larger ones. What ordinarily happens is that the fac- 
ulty man thinks he will do his own work, gradually gets 
away from the laboratory desk, brings in a graduate 
student to work at the desk, and then the room is no 
longer available for private faculty-student conferences. 
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It is much better to provide small offices adjacent to the 
research laboratory, such as has been done in the Re- 
gional Laboratories of the United States Department of 
Agriculture. 

Many industrial laboratories have a fire-protected 


vault for research notes and valuable records. Edu- 
cational laboratories could profit from such an in- 
stallation for academic and research records and valu- 
able papers. Consideration should be given to ade- 
quate fire protection for students and staff and for the 
building. Sprinkler heads have many advantages. 
Safety showers, fire blankets, and fire extinguishers 
should be easily available; asbestos suits should be 
stored in prominent positions where they can be 
easily reached in case of an emergency. 

Every building, large or small, should have some 
kind of first aid facilities, preferably an equipped room 
used for that purpose alone. 

There are many other problems which I have not 
even approached in this brief introduction to the sub- 
ject of general laboratory design, but I cannot refrain 
from stressing the desirability of working teward the . 
objective of an attractive, well-ventilated and lighted, 
acoustically-satisfactory laboratory building. Halls 
do not need to echo to the march of tramping feet; 
offices and classrooms do not need to reek with the 
memory of by-gone experiments; laboratories need not. 
be reminiscent of antique shops. Resistant laboratory - 
finishes, both light and attractive, are available. Lec- 
ture room chairs do not have to squeak and groan in 
vocal protest to the unhappy squirming of the uncom- 
fortable occupant. An ounce of prevention here is 
worth many pounds of cure—as our architect will tell 
you this afternoon. 

The authors of the papers which follow have'all been 
actively engaged in very recent building programs. 
They present the fruits of their experiences. You may 
not agree with all they say, you may think you have a 
better way, but they do not guarantee to answer all 
the questions. 


THE SIMPLE TRUTH 


The man in the street is frequently accused of dealing in half truths. 


The question 


is, where is the whole truth to be found: In the laboratory of science or in the ivory 


tower of philosophy? 


To unlock the secret of atomic energy required the work of many scientists all over the 


world, both practical and philosophical. 
science or life. 


So it may be with the truth in any area of 


Like atomic energy, the power of truth only becomes available when one man puts his 
atom of truth into action and sets up a chain of reactions in other men. 

The man in the street, as well as the scientist and the philosopher, has his tiny atom 
of truth to contribute, shaped and colored by his experience in living. In the end 
neither laboratory nor ivory tower, alone or in combination, can provide the truth. 
For part of it is locked up in the minds and hearts of ordinary men.—From The Research 


Viewpoint, 








e REMODELING OLD COLLEGE LABORATORIES’ 


A wmovrrn college laboratory building is essentially a 
large piece of chemical equipment wrapped about with 
brick or stone. It is designed with care, to surround 
and support properly the necessary number of appro- 
priately designed work tables, arranged in rooms of the 
proper size, grouped together in convenient fashion. 
Lecture and classrooms, preparation rooms, stockrooms, 
library, and offices are allowed for, and all are specially 
related to each other so as to secure maximum con- 
venience ‘and reasonable economy of space. Ven- 
tilation is of the utmost importance and is provided in 
accordance with careful calculations of fan power and 
of air velocities in ducts, across hood faces, and in rooms. 
Gas, water, air, and electrical outlets are lavishly pro- 
vided. Illumination is installed, truly adequate in- 
tensity and suitable in quality. The object is to 
provide students and researchers with the best equip- 
ment and conveniences at the right places. Lecture 
rooms and large elementary laboratories are placed: on 
the first floor to avoid long streams of noisy pedestrian 
traffic, and laboratories for advanced classes and re- 
search work are located on the second floor, and some- 
times in the basement, where disturbance may be 
avoided as far as possible. The library is located near 
as many of these laboratories as possible. When some 
designer has the will power to exclude all telephones, 
utopia will have been approached. Good design saves 
time in work, and as our science expands time becomes 
increasingly precious. The building is designed by 
chemists; the architect provides for structural details 
and decoration. 
Those of us who have inherited old buildings, even 
ones of adequate floor space, find it difficult by any 
possible ingenuity of redesigning to approach attain- 
ment of the convenience and efficiency of a modern build- 
ing. Most of the older buildings were built on the 
general model of a classroom or office building. Steel- 
work was often strangely distributed, fine brick sup- 
porting walls immovably placed in locations now found 
awkward, windows spaced with a view to exterior adorn- 
ment, magnificent open spaces provided in hallways, 
stairway wells arranged for efficient. combustion, sec- 
ond floor partitions off-set from first floor ones for the 
joy of plumbers, and so on indefinitely. Chemists had 
not yet considered laboratory design seriously, and 
architects were unacquainted with laboratory problems. 
It is often impossible to rearrange the interior of such 
a building so as to make it comparable in step-saving 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic City, 
April 14-18, 1947. 
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convenience with a modern kitchen. . We have to do 
the best we can. 

If, as often happens, a first floor longitudinal hall 
is set about with steel risers which support the second 
floor but do not rise above it, it will be necessary to 
leave the large lecture room and elementary-course 
laboratories on the second floor. The almost unbear- 
able noise of multitudes of shuffling feet which pene- 
trates to the offices and laboratories on the first floor 
may be deadened by the application of mastic flooring 
or other sound-deadening coverings. At least, in such 
construction, second floor partitions may usually be 
moved at will, so that redesign of the lecture room, 
reduction of hall area, and redistribution of laboratory 
space become possible. Frequently, an unnecessary 
amount of space was provided around laboratory desks. 
Unfortunately, the desk space per student was often too 
small. Careful designing, both of laboratory dimen- 
sions and those of new furniture, can often accommodate 
more students in the same space and still give a larger 
working space to each. 

Immediate access to the attic at any ceiling point isa 
great advantage in the installation of modern hoods in 
the top-floor laboratories. Duct lengths are cut to a 
minimum, and bends, always leading to pressure drops, 
are avoided. Transite pipe, in properly calculated 
diameter, furnished a satisfactory, easjly installed, and 
relatively inexpensive duct material. 

Locating the library on the second floor of an in- 
verted building like the one under consideration has the 
disadvantage of relative inaccessibility from the offices 
and advanced laboratories on the first floor. It has the 
great advantage, however, of avoiding overhead water 
mains and drain lines, thus averting possible disaster to 
the books. At all events, the importance of having the 
entire chemical library in the building cannot be over- 
emphasized. Attention may also be called to the fact 
that a number of runs of journals, expensive and wiffi- 
cult to obtain in book form, are less expensively avail- 
able in microfilm. Where suitable space for the library 
is not available, the almost insignificant storage vol- 
ume of microfilm may be important. Except for 
abstract journals, microfilmed runs of journals will be 
found reasonably satisfactory in the small college de- 
partment. ‘ 

In a building like the one described, a frequent dash 
from the second floor to the main stockroom in the 
basement is one of the ordinary forms of exercise. 
The basement, when reached, often proves to be largely 
above ground along the rear wall. About half the 
floor space, in this case, is available for laboratories. In 
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old buildings it was often ineffectively utilized and pro- 
vides most acceptable room for expansion during re- 
modelling. It is often necessary to mine into the con- 
crete floor in order to lay new drains, or even to find 
where the original ones are located. Also, it is often 
difficult to find a partition line which maintains itself 
through all three stories so that hood ducts may be run 
along it, and the ducts will be long, and bends unavoid- 
able. These disadvantages, however, are relatively 
minor. Offices and classrooms of acceptable appear- 
ance may also be built on the lighted side of the base- 
ment, thus avoiding the difficulties mentioned alto- 
gether. ¥ 

The dark, or nearly dark, half of the basement space 
is, of course, quite usable for the main stockroom, stor- 
age of case lots of acids and glassware, etc. Photo- 
graphic and optical dark rooms may also be built here. 
In fact, the basement floor space will be found as useful 
as any in the building. 

Assuming that the lecture room, largest class labo- 
ratories, and the library are on. the second floor, and 
that a classroom, the main stockroom, and one or more 
of the medium-sized class laboratories are in the base- 
ment, the first floor is left for laboratories in advanced 
courses, staff offices, and private laboratories, and per- 
haps a small, informal classroom. If there is a longi- 
tudinal hallway, the ends of it may often be partitioned 
off for offices or balance rooms.. If vibration’ troubles 
are serious, it is quite easy to support the balance tables 
on brick piers running down to concrete footings. Of 
course, it is still easier to do this if the quantitative 
laboratories can be located in the basement. Fre- 
quently, however, natural lighting in the basement is 
inadequate for quantitative work, for: which natural 
lighting is still to be preferred to artificial. 

Since many small laboratories, nearly all requiring 


hoods, will be assigned to this floor, it is important, and ° 


difficult, to plan such an arrangement of space as will 
make possible exhaust ducts which run as directly as 
possible to individual fans in the attic without emerg- 
ing in inconvenient locations on the second floor. 
Where the design of the attic makes possible rurining 
these ducts up the outside walls of the building, the 
problem is much simplified. Often, however, the attic 
roof and floor meet around the entire attic periphery, 
giving no room for duct work. This means that the 
ducts must run. along interior walls, and the floor plan 
laid out with special thoughtfulness. Since hoods are 
not required in offices and in the physical chemistry 
laboratory, these rooms can be assigned to areas to 
which it would be unusually difficult to run duct work. 

Standard types of laboratory furniture are not re- 
quired in the physical chemistry laboratory nor in a 
laboratory designed for instrumental analytical work. 
Areas of a size and shape which would not accommodate 
standard tables efficiently will often be found quite 
satisfactory for these laboratories. Semimicro scale 
work also requires less storage space, and probably less 
working space, than is ordinarily assigned per student. 

In departments making use of graduate assistants 
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working for their master’s degrees, much thought should 
be given to the design and location of laboratories for 
their research work. Areas unsuited to regular class 
laboratories may often be well adapted to this purpose, 
but the graduate students should not be assigned 
merely to odd nooks of space for which no other use has 
been found. Some prefer a single, rather large labo- 
ratory in which all the graduate research is done; others 
smaller laboratories for one or two students each. In 
remodelling old laboratories this decision is apt to be 
forced by the exigencies of the situation at hand. 

Certain general problems and services require much 
thought. . Some of them will now be listed and briefly 
discussed. 

Size of Laboratories: Here the realm of prophecy must 
be entered. Many colleges have a deliberately re- 
stricted enrollment, which simplifies this problem some- 
what. It must be borne in mind, however, that an 
improved laboratory will always attract more students. 
If the college plans for a permanently increased en- 
rollment, this fact must be even more sharply empha- 
sized. It is the experience of most departments which 
have either built new laboratories or effectively re- 
modelled old ones that their estimates of increased 
student population have not been sufficiently opti- 
mistic. 

The overcrowding of all colleges under present con- 
ditions and the fluidity of the required curriculum re- 
duce the forecasting of the future to nearly pure guess- 
work. It may be estimated that if 150 students are to be 
provided for in the elementary course, the organic 
laboratory should be designed to accommodate 60 
students, qualitative and quantitative laboratories 
40, and advanced course laboratories 25. In the latter 
two cases the figures should be revised upward in a 
given institution if a high proportion of premedical 
students take more chemistry courses than are abso- 
lutely required or if it is the experience of the depart- 
ment that a higher proportion of the students in ele- 
mentary chemistry ordinarily major in the depart- 
ment. Of course, most desks in the elementary labo- 
ratory are arranged to be used by four or five shifts of 
students and in other laboratories by-two shifts. 

The necessary floor space for laboratories to accom- 
modate any given number of students is easily calcu- 
lated when the size of the unit table and the width of 
aisles have been decided upon. 

The Stockroom System: If space is available on the 
first floor for a large service stockroom, the entire 
laboratory can be adequately serviced from.this one 
room. Additional space in the basement will usually 
be required for gross storage. 

If the main service stockroom must be in the base- 
ment, a smaller room should be provided on the second 
floor, stocked to handle all ordinary requirements for 
the laboratories located on that floor. 

A solution room should be planned as part of the 
stockroom system and suitably equipped for the prepa- 
ration and storage of all reagent solutions used in any 
considerable volume by the laboratories. 
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Few old laboratories have an elevator, and it is 
often impossible to install one without using space that 
cannot be spared or confusing the entire plan of ‘the 
building. If possible, however, the solution room, 
storerooms, and each floor of the building should at 
least be connected by a reasonably large dumb-waiter 
device. This convenience, once installed, will be 
greatly appreciated by teachers, assistants, and stock- 
room staff. 

The Electrical System: In most old laboratories the 
original system of wiring and panel boxes is hopelessly 
inadequate and has been expanded by illogical ad- 
ditions until it consists of a hodge-podge of boxes con- 
trolling a maze of overloaded lines. There is no satis- 
factory solution to this problem other than the instal- 
lation of a completely new system, intelligently planned, 
with the use of over-size conduits and wiring to 
allow for increased consumption of power in the future. 
Fuses should be replaced by circuit breakers. 

In case the old system must be put up with for some 
time, an installation of fluorescent lighting will lower 
the load on some of the lines while providing more 
adequate illumination. In most old laboratories the 
level of illumination is far below the modern standard. 

Distilled Water: In many old laboratory buildings 
there is still no piping system for distilled water. If 
stills and a suitably large storage tank cannot be lo- 
cated in the attic for structural reasons, it may be pos- 
sible to provide an elevated platform in the second 
floor stockroom, on which the stills and reservoir can 
be placed and from which ‘the water can be piped even 
to the second floor laboratories. In place of the block 
tin pipe formerly used, aluminum and certain plastics 
are now available for distilled water piping. 

Consideration should also be given to the use of 
“de-ionized” water to replace the distilled product, 
especially in hard-water regions where stills are difficult 
to operate and a relatively large volume of purified 
water is used. De-ionized, decarbonated water is 
satisfactory for most student uses. A smaller supply 
of high-quality distilled water should be available but 
need not be distributed through a piping system. 

Steam: The availability of steam for organic and 
other laboratiries and for operating the main water still 
is a matter which, in most colleges, depends largely on 
the weather and is therefore fickle. A gas-fired boiler 
of great enough capacity to provide for the laboratory 
services is a great convenience. It can be located in 
the basement, serviced by the stockroom man, and is 
not unduly expensive to operate, especially in natural- 
gas regions. It need only be run when steam is not 
available from the general college service. : 

Drains: Ceramic or duriron drain piping is undoubt- 
edly the most permanent. It is, however, expensive 
both to buy and to install. Cast-iron pipe with a fair 


chromium content is less expensive, easier to install, 
and seems to be working out well in service. 

Hydrogen Sulfide: With the advent of semimicro 
techniques, the hydrogen sulfide problem is being by- 
passed in many laboratories. Where distribution of 
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the gas to certain laboratories is still desired the fol- 
lowing considerations may be taken into account. 

For distribution from tanks, ordinary iron gas pipe is 
satisfactory. No thoroughly satisfactory outlet cock 
has yet been made. The small, right-angle, needle- 
valve compression cocks used for both gas and water on 
some furniture installations are fairly satisfactory for 
hydrogen sulfide. When they eventually leak or stick 
they are best simply replaced, being inexpensive. Re- 
ducing valves, especially designed for hydrogen sulfide, 
have been available for some time. It has been our 
experience that they work well for some months, But 
eventually cease to function and permit full cylinder 
pressure on the lines. At present it takes an inordinate 
length of time for repairs to be made, and it is necessary 
to stock more than one’ spare. The older oil-scaled 
gasometer device is probably more satisfactory. It 
should be located under a ventilating hood, preferably 
in part of the stockroom system where the stockroom 
attendant can take charge of filling it on request. 

Glass-blowing Equipment: <A well-equipped glass- 
blowing bench should be provided for the use of faculty 
and graduate students. If it is desired to train under- 
graduates in the art, a separate place and set of equip- 
ment should be provided. 

Hoods and Ventilation: The hood has long since 
ceased to be a Pandora’s box from which things escaped 
outward. The laboratory furniture concerns now know 
how to design hood, duct work, and fan so as to give 
thoroughly good and predictable results. Probably the 
most satisfactory hoods €or general-service are the open- 
face type with baffle-plate back, giving suction through 
slits or slots both at top and bottom, and provided with 
a collecting box’on top of such size and shape as to insure 
uniform distribution of the pressure drop across the 
entire width of the plate. Multi-blade centrifugal 
blowers are generally used to operate these hoods, and 
it is important not to underestimate the size of blower 
required. 

-For elementary and analytical laboratories where the 
purpose of the hood is merely to remove fumes from 
boiling liquids in flasks and beakers, small canopy 
hoods of various types are available. These may be lo- 
cated directly on the work table. They are unsuitable 
for the trains of apparatus which are often set up for 
work in preparative chemistry, either organic or in- 
organic. 

An adequate provision of hoods in the laboratories 
will usually solve the entire ventilation problem for a 
college building. If, however, fumes persist in finding 
their way into corridors, it is usually easy to install a 
false ceiling behind which a metal ventilating duct may 
be concealed. Openings from this through the false 
ceiling at suitable intervals will eliminate stagnant air 
and fume collection in the corridor or. hallway. 

Laboratory Furniture: If possible, a standard design 
of student laboratory table should be decided upon. 
It will be less expensive to select one of the stock models. 
However, where furniture has to be adapted to available 
space, dimensions of the units may have to be varied 
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somewhat from room to room, and it may not be pos- . 


sible to arrange units of any stock design effectively. 
Furniture built to order is always more expensive, but 
since it may be planned to fit the particular needs of 
a given laboratory and may include individual ideas, 
there is great satisfaction in it. 

In conclusion, it may be said that if an old building 
has large enough floor area and is reasonably well-built, 
it can be remodelled into a satisfactory laboratory for 
modern times, although it will almost inevitably lack 
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the unity of design of a good new building, and some of 


its conveniences. The remodeling and refurnishing will 
usually cost more than the entire original cost of the 
building, but usually not more than one-fourth the cost 
of a new one. It cannot be too much emphasized that 
if remodelling is done by gradual stages, not even the 
smallest alteration should be made until plans for the 
final result have been drawn, criticized, and accepted. 

The most important problem I have, of course, left 
out. Who’s got the money? 


e THE GENERAL CHEMISTRY LABORATORY’ 


Ons racror in the high cost of teaching physical 
science is the inefficiency in the utilization of laboratory 
space. In the typical arrangement of a chemical 
laboratory, each student is assigned a drawer, below 
which is a cupboard, the width of this unit varying 
from 20 to 26 inches. Three of these constitute one 
“working space,”’ so that each student has about six 
feet of desk space. Thus, three students use the same 
desk space during the course of a week. In some of the 
advanced courses, the students may be in the labora- 
tory as much as nine hours a week, but in general 
chemistry the students are hardly ever expected to 
spend more than six hours a week in the laboratory so 
the room is used only 18 hours during the week. This 
has proved in many colleges to be a major obstacle in 
It is only 
natural for the dean or the president to ask, “How is 
it that you need more space when your present labo- 
ratory is in use less than half of the working day?” 

As far as general chemistry is concerned, this problem 
of inefficient use of space was met and overcome at the 
University of Illinois in 1930 when the Chemistry An- 
nex was designed. A careful analysis of the experi- 
ments in general chemistry and qualitative analysis 
showed that the pieces of apparatus which the student 
lockers then contained could be. readily divided into 
three groups: 

(1) Simple, common equipment that is used frequently 
and that may be lost or broken easily (flasks, test tubes, 
beakers, forceps, files, and matches, for example). 
There seems no alternative but to give the student a 
locker in which to keep this equipment. 

(2) Other equipment whichis used frequently but 
which is not apt to be lost or broken (funnel stands, 
sponges, ring stands, and rings). These things can be 
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left on the desk top for the common use of all the stu- 
dents who are assigned to that working space. 

(3) Equipment which is used only once or twice 
during the course (thermometers and lead dishes for 
use in making hydrofluoric acid). This group may 
also include some common glassware. For example, 
there are many experiments in which a 250-ml. flask . 
is used. If there are one or two experiments during 
the semester that require the use of two such flasks, the 
second flask will fall in group (8) of this classification. 
Apparatus of this sort should not be kept in the student 
lockers, but in the storeroom where it can be obtained 
on temporary loan as needed. We have found that 
this not only saves space in the student’s locker, but 
decreases the breakage on these seldom-used items. 

It was found that all of the items in group (1) can 
easily and conveniently be stored in a locker 16 inches 
wide, 18 inches long, and 9 inghes deep. These lockers 
were built in the form of drawers, three horizontal 
rows of three drawers each per working space. This 
arrangement has proved to be entirely satisfactory 
for our purposes. Our students in general chemistry 
meet in laboratory either two, four, or‘six hours a week, 
depending upon curriculum and previous preparation, 
and by careful planning of schedules we are now ac- 
tually using one laboratory 44 hours per week, each 
working space being occupied by nine different students 
during the week. A decimal system of numbering 
these lockers was adopted, there being no lockers with 
numbers ending in the digit “0.” The nine lockers 
under each working space are numbered so that the one 
in the upper left-hand corner ends in “1,” the one next 
to it in “2,” and so on. The members of a given class 
are all assigned lockers with numbers ending in the 
same digit. This has greatly simplified the assign- 
ment of laboratory space. 

Many smaller colleges do not have enough students 
in general chemistry to adopt this plan in its entirety. 
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However, it may easily be modified to suit local needs. 
For example, a vertical column of three such lockers as 
I have described, and two of the conventional drawer- 
cupboard units can make up one working space. The 
laboratory then might accommodate a section of or- 
ganic chemistry, a section of quantitative analysis, and 
three sections of general chemisty. Such units will 
have to be made to order, but this additonal cost, 
spread over the 40 or 50 years of the life of the building, 
will be much less than that involved in giving each stu- 
dent in general chemistry three times as much locker 
space as he needs. 

If possible, individual hoods should be installed on 
each working space. While these cost more than a 
few large hoods, their use greatly increases the effi- 
ciency of the laboratory, as it obviates the need for the 
student to leave his desk to use the hood. Hoods 15 
inches wide and 21 inches high easily accommodate the 
apparatus used in general chemistry and qualitative 
analysis, but cannot well be used for organic chemistry. 
Unfortunately, the selection of the proper material 
of construction for such hoods has not yet been solved 
satisfactorily; alberene is heavy and costly, wood 
chars readily, metals corrode, and transite cannot stand 
the strong acid fumes. The best solution which we 


have found involves the use of cast metal which is 
frequently painted with a heavy, heat-resistant paint. 
The vents from the hoods should be carried down 
through the floor into a common duct on the ceiling 


of the room below. This leaves the room free from 
unsightly pipes and greatly facilitates the lighting of the 
laboratory. 

tach desk should be provided with water and gas, 
and if individual hoods are used, hydrogen sulfide 
should be piped to each desk. For the few experi- 
ments requiring suction, vacuum lines may be run to 
the desks or aspirating pumps may be provided. If 
individual hoods cannot be installed, the laboratory 
should be provided with several large hoods along the 
wall (at least one six-foot, hood for every 12 students). 
These should have outlets for water, gas, and HS. 

It is more convenient and cleaner to buy hydrogen 
sulfide in cylinders than to generate it as needed. It 
can be run from the cylinder into a gasometer floating 
in oil, and thence piped to the laboratories. .The cyl- 
inder and gasometer should not be housed inside the 
building, as the valves sometimes stick and allow gas to 
escape. 

Unless the architect has had experience in ventilating 
chemical laboratories, he is almost sure to under- 
estimate the volume of air needed. This should be at 
least twice the amount needed to ventilate classrooms 
or offices. A good deal of this air, or perhaps all of it, 
can be drawn out through the hoods. The cleanliness 
of the laboratory and the comfort of those who work 
in it are greatly increased by adequate ventilation, and 
the problems of corrosion are greatly decreased. 

If the laboratory periods do not exceed three hours in 
length, the students in the laboratory should stand. 
We have found that students who sit to do their labora- 
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.tory work accomplish much less than those who stand. 


Moreover, stools clutter the laboratory and necessitate 
the use of wider aisles between the desks. If the stu- 
ents are to stand, five feet between desks is sufficient, 
while six feet is required if stools are used. 

Each laboratory should be provided with a distilled . 
water tap and with outlets for direct and alternating 
current. The direct current is required only for experi- 
ments on ionization and electrolysis, so two or three 
outlets are enough for a class. This d. c. can con- 
veniently be 110 volts, although smaller voltages can be 
used. The alternating current is needed to operate the 
centrifuges which are now so widely used in qualitative 
analysis. One centrifuge should be provided for each 
12 students. 

At our school, as at many others, the laboratory 
rooms are large enough to accommodate several sec- 
tions at one time. Other schools have felt that each 
class should have a room to itself. Undoubtedly, this 
latter system has advantages, but it is our opinion that 
several sections can work together in one large room 
without interfering with each other if certain con- 
ditions are met: 

(1) The aisles must be wide enough to allow free 
passage of the larger number of students—ten feet if 
the room is built to accommodate 100 students. 

(2). Lighting over the whole area must be good. 

(3) Blackboard and _ side-shelf facilities‘ must be 
equally available to all classes using the room. 

(4) The acoustics of the room must be such that the 
classes do not disturb each other. A teacher must be 
able to give his pupils a demonstration or a blackboard 
talk without interrupting the work of the other sections. 
This problem is not as serious as it may seem, for most 
teachers prefer to gather their students into a rather 
compact group for such discussions. However, it is 
necessary that the room be given some acoustical 
treatment if 80 or 100 students, in four different classes, . 
are to use it simultaneously. I do not mean to imply by 
this that a laboratory for a single class should not have 
acoustical treatment. This is a factor in laboratory 
design which has been sadly neglected and which should 
receive consideration in the design of any laboratory 
space. It is not expensive if done in construction (as 
by building of cinder block); it is expensive later. 

The practice of having several classes in the labora- 
tory simultaneously has some positive advantages; for 
example, it allows two or three inexperienced teachers 
to work under the eye of an older person. On the other 
hand, it increases the cost of ventilation, as the whole 
room must be ventilated, even if only a part is used. 

Naturally, the storeroom and the balance room 
should be as close to the laboratory as possible, but 
they should not open directly into it. There is always 
conversation and a little confusion at the door of the 
storeroom where apparatus and unknowns are issued 
to the students; this should be kept out of the labora- 
tory. The balance room should be separated from the 
laboratory because even in well-ventilated laboratories 
there are apt to be corrosive fumes. 





THE ANALYTICAL LABORATORY’ 


Tue prosiem of the Chemistry Department of the 
Massachusetts Institute of Technology concerning 
chemical laboratories in general, and more particularly 
the analytical laboratories for second-year instruction, 
was fourfold in nature; namely: ; 

(1) To modernize or rebuild laboratories, which had 
served for 30 years, into up-to-date units able to meet 
the demands of present-day chemical instruction. 

(2) To increase the facilities for undergraduate in- 
struction as much as possible in order that the large 
number of postwar students might be accommodated. 

(3) To meet the restrictions imposed upon construc- 
tion of new buildings during the immediate postwar era, 
it became imperative that space in existing buildings be 
used. This meant that a great many more students 
would have to be accommodated in a space formerly 
used for fewer students. 

(4) To conform to new building laws and codes 
which had been passed in the last 30 years. This made 
it necessary to plan the layout of the laboratory with 
considerable care. 

In the case of the analytical laboratories it was 
decided that three existing units were to be completely 
rebuilt. This meant the entire removal of all former 
desks, hoods, lighting, piping, drains, most of the wiring, 
and all other accessories in the old laboratories. This 
was accomplished and left the original bare rooms ready 
to be rebuilt into new laboratory units. The one diffi- 
culty imposed by such remodelling was the necessity of 
fitting equipment into a given space rather than the 
better plan of constructing a new building, planned to 
accommodate certain types and styles of equipment. 

The three units mentioned in this particular instance 
aad formerly accommodated approximately 300 stu- 
dents, and one of the objectives of the rebuilding pro- 
gram was to design new units which would accommo- 
date approximately 450 to 500 students in the same 
space. This was accomplished by (1) laying out a labo- 
ratory in an unconventional manner but one eco- 
nomical of space, (2) giving each student a smaller 
desk, and (3) using a stagger system for attendance in 
the laboratory. 

The one analytical laboratory unit to be described 
here was approximately 75 feet long by 26 feet wide and 
16 feet high, the length of the laboratory extending 
from east to west, with a corridor wall on the north side 
and full length windows on the south side. The gen- 
eral layout of the laboratory was planned so that the 
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rows of desks run parallel to the length of the laboratory 
and the windows, rather than at right angles to the 
windows, which is usually the case. This plan saved 
considerable space, expecially since new building laws 
required a 42-inch passageway inside the corridor wall 
and immediately adjacent to it. The more conven- 
tional system of having the rows of desks run at right 
angles to the plan of the building would have caused a 
sacrifice of space by a passageway adjacent to the win- 
dows in addition to the one next to the corridor walls, 
thus leaving extremely short rows of desks (Figure 1). 











Figure 1. Plan of Laboratory 

Attached to the north corridor wall are cabinets 16 
inches deep and 8 feet high which are used for general 
laboratory equipment and reagents. Next to the corri- 
dor-wall cabinets and in the direction of the south wall 
is a passageway 3!/, feet wide, followed by a double row 
of desks, 4 feet wide, back to back, another passageway 
41/, feet wide, followed by another double row of desks, 
another passageway, and finally a row of single desks 
adjacent to the windows on the south side (Figure 1). 

Starting at one end of the laboratory, the first unit is 
a large hood, followed by a passageway 41/2 feet wide, a 
cabinet of drawers 20 inches wide, followed by eight 
desks each 19 inches wide, and a large stainless steel 
sink 30 inches wide, 20 inches front to back, 8 inches 
deep. Another group of eight desks, a- cabinet of 
drawers, a 3'/>-foot passageway, a cabinet of drawers, 
eight desks, stainless steel sink, eight desks, set of 
drawers, passageway, and another large hood com- 
plete the units (Figure 1). 

A relatively small desk unit was planned for the stu- 
dent on the assumption that considerable laboratory 
equipment would be furnished as common laboratory 
property, thus diminishing the need for the large in- 
dividual desk. By staggering the laboratory periods 
each student can be allowed working space on the desk 
top equivalent to.four desks or six feet. 

By using the general plan as outlined above each 
analytical laboratory unit contains 160 student desks. 
The three units make a total of 480 and the stagger 
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system of assigning desks allows a maximum of 32 
students in each unit at any one laboratory period. 

All of the exposed wood cabinet work is hard maple 
with a light brown finish. The lightness of this finish 


adds a great deal to the attractiveness of the laboratory. - 


The student desk is 19 inches wide with one deep 
drawer at the top, with two removable half partitions 
crosswise in the drawer. Below this is a cabinet space 
containing four half shelves which may be adjusted at 
any level and permit the use of half or whole shelves as 
desired. The inside of the cabinet door contains a towel 
rack and a four hole funnel rack. 

The desk top for all student desks is heat-tempered 
white Carrara glass, °/s inches thick and set on 1/s- 
inch thick asbestos board, supported by 1/2 inch ply- 
wood. This particular heat-treated glass is manu- 


factured by the Pittsburgh Plate Glass Company. 

The edge of this heat-treated glass is the most vul- 
nerable part; therefore it is protected on the working 
edge by a heavy half-round hard rubber moulding 
which extends up and over the edge of the glass (see 
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Figure 2). This moulding gives a rounded beading 
over the-edge of the desk surface which prevents mod- 
erate amounts of liquids from running over and down 
the front of the desk cabinets. Two glass plates are 
required to cover one section of eight desk units. The 
back edge of these glass tops is sealed under the edge of 
a six-inch piece of alberene stone, cut out to accommo- 
date them. The butted ends of the glass tops are filled 
with a soft plastic mix to prevent moisture from getting 
underneath. The end of the glass plate which extends 
to the edge of a stainless steel sink is protected by the 
same hard rubber moulding but with the top removed 
to facilitate cleaning of the working surface. The 
cleaning of the glass tops is easily accomplished by the 
use of a rubber squeegee, such as the type used by pro- 
fessional window cleaners. 

In the center of each group of 32 student desks (16 
desks back to back) are located two stainless steel sinks 
30 inches long by 18 inches wide by 8 inches deep back 
to back. The backboard of each sink carries the serv- 
ices of steam, with cold water mixer, cold water, 


General View of Laboratory 
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condenser taps, distilled water, and a tall goose-neck 
faucet for filling and rinsing burets. It might appear 
that one sink for 16 students is low, but under the stag- 
ger system only four students would be assigned at 
any one laboratory period to a row of 16 desks. Two of 
these students would have the services of a large sink 
at either their right or left and the other two would only 
be removed a little farther from the same sink. 

The services supplied on top of each bench are clus- 
ters of gas and suction cocks. These services are 
brought up through the center of the six-inch strip 
of alberene which extends down the middle of each 
double row of desks. The suction line is connected to 
a removable mason jar, to serve as a safety jar, located 
in a position just previous to its connection with the 
main lines. At the ends of each bench are 110-volt a.-c. 
plugs. 

On each end of each group of 32 desks (16 back to 
back) is a cabinet, the same height as the desks but 
having’ an alberene-stone top instead of glass. These 


cabinet drawers, which are approximately seven inches 
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deep, are used for the storage of apparatus designed for 
common usage by the students in the laboratory. A 
double gas connection is supplied on each of these 
cabinets. To one of these is connected a flat-top gas 
hot plate about 20 inches by 12 inches. The use of this 
type of hot plate has proved to be efficient and has re- 
duced to a great degree the need for so many Bunsen 
burners by the student. 

Ventilation in a large laboratory unit of this type is 
accomplished in two ways, general and specialized. 
The general ventilation is accomplished by drawing off 
laboratory fumes through grills placed at ceiling level 
in the corridor walls. This type of ventilation is han- 
dled through the usual type of system present in any 
large building. Specialized ventilation is used in the 
large hoods situated on each end of the laboratory and 
is obtained by use of special heavy duty fans located on 
the roof-of the building and connected directly to each 
hood, with as few bends in the ducts as possible. 
Each fan is individually controlled by a: safety switch 
located on the hood. The draft in the hood is across 


View of Hood and Sinks 
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and also above the working surface, thus insuring the 
safe handling of heavy and light gases simultaneously. 
By raising or lowering the clear, heat-treated glass 
fronts on the hoods the draft may be increased or de- 
creased aver a wide range. The hoods are constructed 
of one-inch transite and painted with gray tygon paint. 
Each hood opening is 4!/2 feet by 4 feet. 

Each large hood has services for water, gas, elec- 
tricity, and a hard rubber piping with hard rubber 
stopcocks to handle tank-hydrogen sulfide gas (see 
Figure 3). Tanks of this gas are located on one end 
of each hood and connected to the hard rubber piping 
through a reducing valve and a mercury manometer. 

The working surface in all hoods is stainless steel of 
the 18-8-Mo type, the same as the sinks, with the edges 
rolled up to prevent liquids from running down~-the 
front of the cabinets beneath. Cabinets under the 
hoods are used for storage of electric hot.plates and elec- 
tric sandbaths. On the end of each hood is located 
a small sink supplied with hot distilled water. This 
supply is furnished by using a 30-gallon gas-fired Monel 
heater. 

Cabinets fastened to the inside of the corridor walls 
are the sliding door type and extend the entire length of 
the laboratory, except for space used by two doors and 
reagent shelves. The upper and lower sections of the 
cabinets are approximately four feet high. All of the 
lower cabinets are used for ring stands, iron rings, and 
other apparatus for common use by the students. The 
upper sections of these cabinets are designed and used 
to hold white-base buret stands, which accommodate 
two burets. These stands and burets are available to 
the students as common property of the laboratory. 

The upper center section of each wall cabinet contains 
open shelves and is used for all reagent bottles—liquid, 
solid, experiment, and test solutions (see Figure 2). 
The lowest row of reagent bottles is approximately 
four feet above the floor. This arrangement has proved 
to be satisfactory in all respects. The concentrated: 
acid bottles are: located in several strategic points 
throughout the laboratory. 

Lighting consists of 28 double, 40-watt fluorescent 
fixtures, arranged in a pattern which prevents the 
casting of any shadows onto the working surface of the 
desk tops (see Figure 2). This type of illumination is 
very effective, especially when used over white glass 
table tops and light-colored woodwork. Light absorp- 
tion is reduced toa minimum. There are no shelves or 
superstructures on the desk tops to cast shadows and 
the result is all that can be desired in a laboratory where 
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observations are being made on the colors of solutions 
and the appearance of precipitates. 

Carbon dioxide fire extinguishers are located on the 
ends of the hoods, readily available in case of accidental 
fires. Within the laboratory and over each corridor 
door is located a shower sprinkler with a chain pull 
attached. No drains are provided for these showers 
since they are for emergency use only. 

Adjacent to and accessible to the laboratory through 
a doorway is a balance room on one end and a service 
laboratory on the other end. 

The balance room contains 20 balances with a bench 
space of three feet for each balance. Movable stools 
have been found to be more practical than fixed stools. 
The lighting in this room is general fluorescent lighting 
and must be arranged properly to avoid all shadows. 

The service room on the other end of the laboratory 
contains a small hood, large sink and drainboard, stor- 
age cabinets, working benches, a large table mounted on 
wheels, and shelves extending about 12 feet up the wall 
areas. All other services are likewise present in this 
room, which is used for the preparation, storage, care, 
and upkeep of all new and used equipnient of the main 
laboratory. 

All® exposed hardware is brass, chromium plated. 
The drains are Duriron and all stainless steel is the 
18-8-Mo type. 

Of the three laboratories described above two have 
been completed and in use for the past academic year, 
at times under rather severe conditions. The third is 
being constructed and will be in service by September. 
In actual service these two units have proved to be very 
satisfactory in all respects. They are very attractive 
and furnish an incentive for the students to keep them 
clean and orderly. The white glass tops, with either 
natural light or fluorescent lights, furnish illumination 
which is all that can be desired in an analytical labora- 
tory, where illumination is such an important item. 
The elimination of superstructures, pipes, and indi- 
vidual hoods from the desk tops increases the working 
area, prevents the accumulation of many useless bottles, 
and does not detract from the ventilation problem 
when good hoods and general ventilation are properly 
installed. The lengthwise layout of the laboratory 
can be recommended for certain conditions and, ‘in this 
particular case, resulted in furnishing increased space, 
thus accommodating more students. After a year of 
service these laboratories have been extremely satis- 
factory for instruction in qualitative and quantitative 
analysis. 
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* THE ORGANIC LABORATORY ' 


Onreanic laboratory design, in common with labora- 
tory design generally, has undergone a gradual process 
of evolution during several decades. Those contem- 
plating construction of an organic laboratory in the 
near future will discover that they are the beneficiaries 
of persons haying similar problems in the past who 
planned carefully and built wisely. Each new building, 
however, involves particulars which call for careful 
planning to accommodate the local situation. It 
is hoped that the following discussion may help in the 
formulati6én of such plans. . 

Consideration of organic laboratories falls logically 
into three categories: the elementary laboratory, the 
research laboratory, and special laboratories. Each of 
these will be considered in turn, 


THE ELEMENTARY ORGANIC LABORATORY 


The size of the room and the number of such rooms 
are local problems, but it is far better to specify the 
preferred size than to let the architect fix the size arbi- 
trarily. A laboratory is ordinarily designed for use each 
week by three or four sections. The size of the class 
then governs the size and number of the laboratories. 

Flooring is also-a local problem. Cost may be the 
determining factor. Such materials as wood, concrete, 
ceramic tile, asphalt mastic, and asphalt tile are used. 
Ceramic tile is used at Mellon Institute, mastic flooring 
at Princeton, and asphalt tile on concrete at North- 
western. Of these three, the first is the most ex- 
pensive and the last is the least expensive. Although 
it is penetrated by organic solvents, this has caused no 
problem in five years of use at Northwestern. Solvents, 
if spilled, may be wiped up or allowed to evaporate. 
Naturally, one should not step on such a tile if it be- 
comes sticky because of entrained solvents. Replace- 
ment of damaged squares of tile is a simple matter but 
no such replacements have been necessary to date. 

If daylight is to be used for lighting, large windows 
should be planned and the room should not be too deep. 
Even so, students will probably wish to use electric 
lights even at midday. Since only part of the desks 
may be used at certain times, it seems wise to plan the 
Wiring circuits with this in mind. The switches should 
govern rows of lights parallel with the desks and per- 
pendicular to the windows. 

The problem of overcoats is one to consider while 
planning the laboratory. It is a simple matter to build 
a coat room as an integral part of the organic laboratory. 





' Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic City, 
April 14-18, 1947. 
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This useful provision makes it difficult for overcoat 
thieves to function and avoids the inconvenience of 
lockers. 

It seems wise also to provide for an attached balance 
room, even though present experiments may involve no 
work+with the analytical balance. Times may change. 

vn attached stockroom is also a great convenience 
to the smooth functioning of an elementary organic 
laboratory. 

The laboratory itself will contain desks, hoods, ven- 
tilation ducts, services, and protective devices. Rows 
of desks should have nine or ten feet, preferably ten, 
between centers. The choice between wooden desks 
and steel desks is not a fundamental matter but rather 
one of ‘personal choice. Because of the problem of 
rusting, it is imperative that steel desks be inspected at 
regular intervals, but wooden desks also impose a main- 
tenance problem. The greater cost of steel desks is 
another factor to consider. There are differences of 
opinion regarding the best material for the top of the 
bench. The writer prefers alberene, but it should be 
of good quality. Alberene containing veins of calcite 
should be avoided. Ca eful specifications should be 
drawn up for selection of stone of the proper quality. 
Most houses dealing in laboratory, furniture also offer 
competitive material for desk tops which may consist of 
a thin layer of resistant material on a wood base. In 
the writer’s opinion no thin-coated layer provides 
adequate protection. Prospective users who are con- 
sidering such materials should obtain samples and sub- 
mit them to rigorous tests (acid, alkali, solvents, etc.). 





Elementary Organic Bench 


Figure 1. 
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Figure 2. Desk Arrangement, Showing Sink between Desks and Portable Steam-Bath. Compartment 
above Long Drawer Accommodates Similar Drawer in Opposite Desk. 


A satisfactory unit desk should be approximately 
22 inches wide, 2 feet deep, and 3 feet high. Three such 
desks (for three sections) provide a working surface 
six feet long (Figure 1). At Northwestern such a sec- 
tion is separated from the next section by a sink (14 
inches wide). The convenience of the latter is obvious 
but the determining reason in our planning was for 
safety. Thus, because of this separation, student B’s 
burner is less apt to ignite combustible material on 
student A’s desk than otherwise. Each sink should be 
provided with a trap.‘ It is false economy to omit 
traps even if building laws permit it. Karcite sinks or 
alberene sinks: are satisfactory from a standpoirit of 
thermal shock. Hot water may be obtained at the 
sinks by mixing steam with cold water. : 

Minimum services on the desk should include water, 
gas, electricity, and a squeegee. Steam is nearly as 
important, and compressed air is desirable. Students 
seem to enjoy “squeegeeing”’ their desk tops at the end 
of a laboratory period, whereas they object to the use 
of a sponge. ss 

A vacuum line is not recommended. In the hands 
of an inexperienced group it is apt to be a source of 
trouble. A water aspirator pump on each desk is 
recommended instead, delivering into a center trough. 
A piece of cloth, wound around the end of the aspi- 
rator pump, makes a simple and efficient anti-splash 
and silencing device. Over-size water pipes (2 inches 
or more) should deliver water to these desks, and pipes 
of 1 inch (inside diameter) may deliver from the large 
pipe to the tap. There should be sufficient water 
pressure for everybody to carry out a vacuum distil- 


JOURNAL OF CHEMICAL EDUCATION 


lation concurrently if de- 
sired. Satisfactory water 
pressure is one of the most 
important things to watch 
in planning the laboratory. 

If steam is provided, a 
steam bath is also called for. 
Choice must be made be- 
tweeria fixed steam bath and 
aportable one. The mobil- 
ity of the latter and the fact 
that it releases valuable desk 
space when not in use are 
strong arguments in its 
favor. 

Each of the services 
should have a shut-off valve 
at each row of desks. With 
a little foresight on the part 
of the architect, it is possi- 
ble to have all such valves 
behind a single panel. 

The utility shelf above 
the service pipes should be 
built as low as_ possible, 
but to achieve this end, the 
service pipes must be col- 
lected compactly. Usually 
no attention is paid to this feature of desk construction, 
with the result that the shelf may be 24 to 28 inches 
above the desk top. The height need not be more than 
16 to 18 inches, thereby greatly improving the appear- 
ance of the laboratory and making the shelf more ac- 
cessible (Figure 1). 

The‘design of the inside of the desk should include 
drawers at the top for small equipment and shelves 
beneath them. L-shaped shelves are recommended 
because they permit more shelf room without restrict- 
ing the desk otherwise. Two L-shaped shelves 6 inches 
apart are sufficient to store the beakers, Erlenmeyer 
flasks, etc., and the open part of the ‘L’’ makes it 
possible to store bottles, ring-stands, and other tall 
equipment. A special long drawer for condensers, 
glass tubing, etc., is a great convenience. Two such 
drawers should be planned for the pair of desks which 
are back to back, opposite each other. Each drawer 
extends into the opposite desk, within 6 inches of its 
door, the dimensions of each drawer being 3 inches by 
5 inches by 40 inches (Figure 2). © 

Sliding doors are almost never used in student desks. 











Opinion prevails that such doors, by sticking, would be 


more troublesome than the customary hinged doors. 
Hinges for the doors should be so chosen that the doors 
may open a complete 180°, so as to be out of the way. 
Below the door, the support or framework of the desk 
should be set back a few,inches to provide room for 
one’s feet: while standing at the desk. 

How many hoods should be in an elementary labo- 
ratory is a debatable question. Usually, space or fi- 
nances will not allow more than one hood for every four 








—A @D® = = 


_* of me nm e—- © Ss SS 


is} 





ION 


de- 
ater 
10st 
itch 
ry. 
lla 
for. 


and 
)bil- 
fact 
lesk 
are 
its 


ices 
ulve 
fith 
art 
Ssi- 
Ives 


ove 
be 
ble, 
the 
col- 
ally 
ion, 
hes 
han 
2ar'- 


ude 
ves 
ded 
ict- 
hes 
yer 
3 it 
tall 
ers, 
uch 
ich 
wer 

its 

by 


ks. 


be 


ors. 
ors 
ay. 
esk 
for 


bo- 
fi- 
our 





JULY, 1947 


to eight students. Experiments such as the prepa- 
ration of acetyl chloride or the Friedel-Crafts reaction 
are best prepared on the open bench in spite of the 
evolution of hydrogen chloride gas. The elementary 
organic laboratory should be the place where a student 
learns how to build an efficient set-up for his experi- 
ment. 
not change this principle. At times, however, hoods 
are valuable. The design of efficient hoods, with ad- 
justable baffle plates and ordinarily without doors, has 
been well worked out and needs no particular comment. 

An architect who has never designed a laboratory 
before is apt to underestimate the problem of ventila- 
tion. Incoming and outgoing air. ducts should be on 
opposite walls to avoid pockets of unchanged air. This 
is in contrast to a common practice of placing incoming 
and outgoing ducts near each other on the same wall! 

A portable chest for crushed ice with sliding top 
panels is a great convenience and space should be 
provided for it, as should space for a cork bin. 

A protective shower with a drain underneath is a 
useful safety device to combat fire or corrosive liquids 
on one’s clothing. The shower should be placed over 
the doorway. If a chain is pulled to start this shower, 
it should include a convenient handle. Two rings, 
about 5 inches in diameter, welded together at right 
angles comprise the handle devised for use at Brown 
University. This makes for less fumbling at a time 
when seconds might be important. Fire blankets may 
be installed also, but ordinarily both are not used. 
First aid cabinets should be 
in each laboratory or in the 
adjoining stockroom. Ina 
convenient design for such 
a cabinet, the door opens 
downward, thereby forming 
a shelf. Finally, black- 
boards and bulletin boards 
are likely to be more attrac- 
tive if they are included in 
the building plans. 


ORGANIC RESEARCH 
LABORATORIES 


Many of the comments 
regarding the elementary 
laboratory apply also to the 
research rooms. Since re- 
search workers need full- 
time use of the laboratory 
desk there is no problem of 
laboratory sections. Draw- 
ers and cupboards for the 
equipment are usually 
placed below the laboratory 
bench. Two rows of drawers 
(top row, 17 inches deep, 
16 inches wide; second raw, 
17 inches- deep, 33 inches 
wide) make a convenient 


The presence of a hood in the laboratory should ° 
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arrangement (Figures 3 and 4). The cupboards beneath 
should carry adjustable shelving. Services on the labora- 
tory bench should include both a.-c. and d.-c. electrical 
outlets, as well as other services listed earlier. One hood 
for each two students should be planned. If at all pos- 
sible, each hood should have its own fan. A heated com- 
partment (with perforated shelving) underneath each 
hood is helpful for drying apparatus (Figure 5). Writing 
desks (36 inches wide) at the end of the research bench 
are a great convenience to the student for recording 
notes, preparing reports, and studying. 

The writer believes that graduate students learn 
research methods by observation; hence he prefers 
graduate students to work in groups rather than alone. 
Whether the group should be two, four, six, ten, or 
twenty, however, is another question. Let us assume 
six for the moment. A compact working unit could be 
designed for two groups of six sharing a storage room 
(or apparatus room) between them. This might take 
a space 70 feet by 23 feet, for the 12 persons. The 
storage room would be 10 feet by 23 feet, and each labo- 
ratory 30 feet by 23 feet. Each laboratory would have 
a bench at either wall with two double benches between 
them, spaced 10 feet apart at the centers. The 23-foot 
wall would be fitted as follows: study desk, 3 feet; bench, 
11 to 12 feet; sink, 1.5 feet; aisle, 4.5 to 5.5 feet; 
hood, 2 feet. The doorway to the equipment room 
would be at the aisle, and the hoods would face the 
windows. Except for two doors, the 30-foot wall 
could be lined with hoods. The plan could be modified 





Figure 3. Organic Research Laboratory — 





JOURNAL OF CHEMICAL EDUCATION 


336 


easily to provide rooms ac- 
commodating four instead 

of six persons. The appa- 

ratus or storage room would 

contain such items as a 

balance, oven, shaker, ap- 

paratus awaiting use, etc. 

(Figure 6). 

It is apparent that if 
building plans _ stipulate 
rooms only 20 feet deep then 
three feet must be lopped off 
somehow. The most obvi- 
ous way is to eliminate the 
doorway connecting the 
laboratory to the apparatus 
room and to place the hoods 
there instead. This would 
limit the room to two hoods, 
by reason of which the 
room should then be re- 
stricted to four students. 

The apparatus room could 

still be adjacent but it would 

have to be entered from the 

hallway. ‘ight sae! 12 stu- Figure 5. Heated Drying Compartment under Hood 
dents could be assigned to 

one such room. 

Safety showers should be placed above the doors of to the expense. The position of the shower should be 
each research laboratory, but it is unnecessary to place carefully determined by the architect, so that no ap- 
floor drains under each one since such drains add _paratus or equipment is beneath it. 

Single research labora- 
tories are desirable for post- 
doctoral fellows or for other 
persons possessing demon- 
strated research skill. 

Advanced organic work 
calls for many special-pur- 
pose rooms, most of which 
are important from a re- 
search point of view. Some 
of these will be listed briefly. 


SPECIAL ORGANIC 
LABORATORIES 


Organie Preparations: A 
laboratory for preparations 
should be installed if this 
course is part of the curric- 
ulum. Desks and_ hoods 
similar to those in the re- 
search rooms are advisable, 
but the room may be larger 
to accommodate a larger 
group. Two sections may 
use the facilities. It is ad- 
vantageous in such a room 
to leave open at one side of 


Figure 4. Research Bench and Desk the room a 10- to 15-foot 
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space so that equipment may be built up from the floor 
(Figure 7). Services should be accessible at the wall. 
For such open areas, the room becomes more flexible 
if provision is made for suspending materials from the 
ceiling. Steel T-shaped slots, imbedded in the con- 
crete ceiling, serve well for such a purpose. If desired, 
a mezzanine platform may be suspended from these. 
Qualitative Organic Analysis: If qualitative organic 
analysis is taught regularly, it is well to provide for it 
in the building plans. Comparatively small desk space 
is required, and nothing unusual about desk design is 
necessary. Ample shelf space for reagents is necessary 
however. A coat room.is desirable if the size of the 
group warrants it. There should also be a balance 
room and a small storeroom for the ‘‘unknown”’ samples. 
Analytical Laboratories: Consideration should be 
given in the planning for the location of combustion 
furnaces for organic analyses. Possibly also a mi- 
croanalytical laboratory will be in the building plans. 
.Cold Room: A cold room which is equipped with a 
laboratory bench and hood is a useful adjunct of a re- 
search laboratory. Temperatures should be main- 
tained at about 3 to 5°. A room at still colder tem- 
peratures may be attached to this room for purposes of 
cold storage. If the cold room is provided with a hood, 
it must be so designed that air is taken from outside and 
not from the cold room itself when the hood is operating. 
This calls for a closed hood rather than an open one. 
Special Equipment: The building plans should make 
provision for storing centrifuges, autoclaves, etc. 
Tall Shaft: Sometimes experiments are designed 
calling for very tall shafts. One hears of 50-ft. dis- 
tillation columns. Whether 
or not such devices would 
ever be used in a research 
building, itisa simple matter 
to plan for them by having 
a tall shaft with detachable 
flooring running from the 
bottom to the top of the 
building, with services on 
the wall of the shaft at each 
floor level. This could ac- 
commodate experiments in 
distillation or extraction or 
any other type of work call- 
ing for excessive height. 
Instrument Rooms: There 
is merit in collecting ex- 
pensive instruments in one 
place and having some one 
in charge of the room. In 
this way the instruments are 
always ready to be used, but 
such a room would usually. 
need to be planned with 
the building. Such instru- 
ments would be of interest 
to both organic and phys- 


ical chemists. : Figure 7. 











Figure 6. Apparatus Room Adjoining Research Room 





Open Side of Organic Preparation Room 





@ LABORATORIES FOR PHYSICAL CHEMISTRY’ 


Tue racturties for laboratory instruction in physical 
chemistry—comprising those for elementary courses, 
for advanced courses, and for graduate research—are 
in general more diversified than those for other di- 
visions. Even at the elementary level the great variety 
of physical-chemical apparatus and experiments im- 
poses special conditions which affect the distribution 
and utilization of space and which are differently met in 
different institutions. Thus, there may be a wide 
difference in the number of experiments to be performed 
during the course. Regarded as a service course for 
other divisions of the university, physical chemistry is 
subject to greater variations in laboratory require- 
ments than are the other branches of chemistry. More- 
over the materials for instruction in physical chemistry 
are more costly than those for other courses, so that 
budgetary considerations exert more than average in- 
fluence on the layout of the course. 

In addition to these items of variation, an important 
element in the administration of the elementary 
laboratory is whether the basis for the assignment of 
laboratory space is the individual student or the sepa- 
rate experiment. According to the first of these meth- 
ods, each student is assigned a laboratory kit and 
desk top which he uses throughout the course, supple- 
menting the equipment provided by withdrawing from 
the stockroom such special apparatus as may be re- 
quired for each new experiment. According to the sec- 
ond method, suitable space is allotted in the laboratory 
for each experiment, with all the necessary apparatus as- 
sembled on the desk top or stored underneath in draw- 
ers and cupboards; the students proceed in rotation 
from one experiment to another during the course. Be- 
tween these two extremes many intermediate systems of 
administration are employed. 

Consideration of the educational advantages and 
disadvantages of these two systems would be inappro- 
priate to the present discussion which is concerned only 
with the physical aspects of the problem. In this con- 
nection, however, it is permissible to point out that 
the second method will permit the accommodation of 
the larger number of students per semester within a 
given laboratory space. Two sufficient reasons may be 
cited for this. First, some experiments in physical 
chemistry (e. g., those requiring the use of a thermo- 
stat or of certain optical equipment) require space not 
suitable for assignment as permanent working space 
for an individual student; if the practice of personal 





' Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic City, 
April 14-18, 1947. 
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desk assignment is followed, a student while performing 
one of these particular experiments leaves his own desk 
top unused. Second, the number of sections accom- 
modated in the laboratory can be made larger by the 
student-rotation method, the upper limit being fixed 
only by the number of hours of the day or night during 
which supervision can be provided. 

For the reasons cited the design of laboratories for 
physical chemistry appears to be to a greater extent an 
individual matter than is the case with the other major 
divisions. Whatever may be the merits of the system 
employed, it is not to be expected that in extending their 
facilities the members of a department will be apt 
to introduce any revolutionary changes in method. 
Rather the tendency will be to continue those practices 
which have been tested by their own experience and 
found satisfactory under local conditions. At the 
same time, the designing of a new laboratory affords 
its users an opportunity to appraise and improve their 
methods and to make use of those ideas of others that 
may prove adaptable to their own purposes. In the 
attainment of these objectives an examination of some 
typical solutions of the general problem are of value. 
One such solution—now being put literally in concrete 
form at the University of Michigan—is here presented 
with recognition of the fact that since the constants and 
variables of the problem will differ in different insti- 
tutions, the methods of attack and the answers reached 
will not be the same. In the solution of our own prob- 
lem we were aided by a study of such information as we 
could gather from reading and from talking to others. 
I should like to point out, however, that by far the 
best method of collecting the necessary datais to make 
a tour of inspection of other laboratories. 

The University of Michigan is now engaged in the 
construction of an addition to the chemistry building 
which will nearly double the present useful floor area of 
approximately 70,000 square feet. (This figure is ex- 
clusive of space for corridors, stair wells, elevators, 
toilets, machinery service rooms, tunnels, etc.) Con- 
crete plans for the addition were started nearly four years 
ago and actual construction began in June of last year. 
All-metal furniture will be used throughout the ad- 
dition. To the maximum extent possible all service 
lines will be exposed on the walls and ceilings for easy 
access. Attaching the addition to the existing struc- 
ture has to a considerable extent dictated its arrange- 
ment, although no attempt has been made to match the 
present building either in architectural or mechanical 
features. Thus, for example, in order to obtain the 
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floor space the addition has been constructed with four 
floors and full basement. Since the old building lacks 
a basement, the first floor itself being somewhat below 
grade, the floor levels differ between the old and new 
buildings and require a system of interconnecting 
corridor ramps. This is a price gladly paid for the 
increase in space. On the other hand, however de- 
sirable might have appeared certain changes in the 
distribution of departments among the various floors, 
considerations of economy made it necessary to con- 
tinue the present general arrangement. Thus, each 
major division has extended into the addition at its 
present level, with general chemistry on the fourth floor, 
analytical for the most part on the third, organic on 
the second, and physical chemistry on the first. 

At present there are two student laboratories for 
physical chemistry, occupying with their adjunct rooms 
about 3200 sq. ft. Including some reallocated space in 
the old building, added facilities under the new plan will 
include a laboratory for elementary work and one for 
advanced work, each with the necessary auxiliaries of 
an optical room, a balance room, an apparatus room, 
and an assistant’s room. 

The new elementary laboratory, located in the old 
building, is about 40 X 45 feet, the attached rooms men- 
tioned bringing the total floor area to about 2500 sq. ft. 
In the new’ laboratory the present system of adminis- 
tration will be continued, according to which each stu- 
dent is assigned a locker consisting of a drawer and cup- 
board to store his equipment. The latter consists of 
the usual assortment of basic laboratory apparatus, 
supplemented as required by the special apparatus 
needed for certain experiments. The student performs 
most of the experiments on his own five-foot desk top. 
(Services provided are cold water, gas, air, and alter- 
nating current.) About three-fourths of the floor space 
in the new laboratory will be occupied by such student 
desks, providing accommodations for 30 students in 
each of four sections. The remainder of the laboratory 
will be equipped with special tables for such experi- 
ments as surface tension, freezing point, and heat of 
reaction. One of these will have a built-in thermostat 
and: presumably will carry a line of overhead shafting 
operated by a relatively quiet dental motor. This 
is to provide power for a number of experiments re- 
quiring stirring or shaking operations. 

A table with a transite top along one wall will mount 
a drying oven and will be equipped for glass working. 
The usual wall shelf units, partly with doors, partly 
without, will be used for storage of dry chemicals and 
solutions. We find adequate for.such storage purposes 
from one and one-half to two lineal feet of shelving per 
student in the laboratory. Distilled water will be 
supplied at one sink only. 

As already indicated, auxiliary rooms are provided for 
optical experiments, balance rooms, apparatus storage, 
and an assistant. With regard to equipment ‘storage 
we find it most satisfactory to refer the student to the 
general stock room for ordinary laboratory supplies 


-many different types. 
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but to retain under control of the staff most of the 
special pieces peculiar to physical chemistry. 

In the completed building there will be two labora- 
tories for advanced physical chemistry. One of these, 
a very well-equipped laboratory for electrochemistry, 


‘has been in use for many years in the old building. A 


new one, for all other types of advanced work, is being 
installed on the first floor of the addition. Before en- 
tering into details concerning the layout of this labora- 
tory, I should perhaps explain that among what we 
call ‘advanced experiments’ we include individual 
projects designed toafford some measure of the student’s 
adaptability to research. With this in mind, the new 
advanced laboratory, approximately 30 X< 50 feet, is 
intended to provide easily adapted space for work of 
Twenty ordinary desk tops 
(2'/2 X 5 feet), each with three lockers underneath, 
are provided along the walls and in one center table;. 
the lockers will supply storage space for individual 
student equipment but it is not contemplated that the 
desk tops themselves will be permanently assigned to 
individual students. The sinks in these units are so 
spaced that uninterrupted desk lengths of five and ten 
feet alternate so that long assemblies may be used if 
desired. Services provided are gas, air, cold water, 
120-volt alternating current, and battery supply from 
a central distribution system. 

The remainder of the central floor space in this labora- 
tory is occupied by three rather liberally spaced 15- 
foot table assemblies providing for a considerable 
degree of flexibility in the purposes served. One of 
these is a vacuum bench with the usual lattice work for 
mounting of glass apparatus. All services are supplied 
to this unit in turrets at convenient heights at either end 
of the assembly. Space is available underneath the 
base for the installation of pre-stage vacuum pumps, 
batteries, etc. 

The other two 15-foot table assemblies in this labora- 
tory each consist of a central island carrying the labora- 
tory services and normally of two tables at each end. 
The tables, while substantially built, are small enough 
to be readily portable (four of them are on casters) so 
that they may be grouped in any desired position about 
the islands. Both islands are of normal (3 foot) table 
height, one being four feet square, the other 4'/2 X 
7'/. feet; the latter incorporates a thermostat. 

The remainder of the equipment in this laboratory is 
ranged along the walls and consists of an 8-foot fume 
hood, an 11-foot table with transite top carrying a 
drying oven and providing space for glass-working, 
two wall cases for reagents (dimensions 16 inches X 
6 X 7 feet and 22 inches X 4/2 X 7 feet), a table car- 
rying three analytical balances, a sink for distilled 
water and also with a hot and cold water mixer, a 
blackboard, and a small bulletin board. With this 
arrangement it is hoped that a high degree of adapt- 
ability for the performance of many types of advanced 
experiments has been secured. The range is extended by 
an optical room (200 sq. ft.) located across the corridor 
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from the laboratory just described. Here again the 
idea is rather to provide space for individual projects 
than to assemble equipment for set experiments. 
Auxiliaries to these laboratories are an apparatus 
room (350 sq. ft.) and an assistant’s room (170 sq. ft.). 


In addition, as with all our laboratories in the new build- - 


ing, we have adopted the Northwestern plan of a sepa- 
rate coat room accessible only from the laboratory. 

The third type of laboratory space for physical 
chemistry to which I should like to give some attention 
is that for graduate or staff research. In our building, 
the usual two-man research rooms, which will be found 
scattered through both the old and the new portions, 
present no unusual features and need not be discussed 
further than to mention that rather by accident than 
design their dimensions vary between about 240 and 
390 square feet and that we consider it fortunate that 
some of the larger sizes are available. We do not in 
general distinguish among the different departments in 
the assignment of such rooms. 

A practice in which we appear to differ from other de- 
partments and which is being extended in the new 
building is the use of much larger research rooms, ac- 
commodating from three to six, and in one case up to 
12 or 15 students. The advantages claimed for these 
larger rooms are: (1) ease of supervision; (2) training 
in technique for the younger men by observation of 
those more experienced in similar work; (3) economy 
of operation; and (4) adaptability of space allotment 
to the needs of a particular research at different stages 
in its development. Whether or not we have gone too 
far in this direction in the case of the largest room 
mentioned must be determined by. later experience. It 
is only fair to point out that this particular room 
entered the plan due rather to last-minute nervousness 
incident from the rapidly mounting graduate enrollment 
than‘from a firm conviction that it would prove ideal in 
size for graduate research in general. For organic re- 
search, however, another room of the same size has been 
a highly regarded part of the plans from the beginning. 

The equipment of these larger research rooms needs 
no special description beyond the fact that in several in- 
stances one wall is left free except for services, so that 
vacuum benches, thermostats, or portable tables can 
be installed at these locations as needed. 

In passing I should like to refer to a valuable sugges- 
tion by Dr. F. H. Spedding of Iowa State College, as 
a result of which we have provided removable slabs 
three feet square in a vertical tier of research rooms. 
The clear space thus available will make _ possible 
the use of separation columns of various types up to 
40 feet in height. If other facilities of this nature should 
be required, as seems not unlikely, advantage can be 
taken of the unused service court in the old building. 

In addition to the rooms set aside for graduate- 
student occupancy, a number of special rooms are 
provided for the housing of research equipment in 
physical chemistry. These include a cold room, two 
constant-temperature rooms, two rooms for electron- 
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diffraction equipment, a mass-spectrograph room, a 
room for moderately heavy colloid chemical equipment, 
two dust-free rooms, and a vibration-free room. It 
will of course be realized that the word “free’’ used in 
these connections is for the sake of brevity only, the 
intent being rather that in these rooms special pre- 
cautions are adopted to minimize the effects of dust 
and vibration, respectively. In fact, even in this 
relative sense the designation “vibration-free’’ can be 
applied only toa 3 X 11-foot concrete table independ- 
ent of the room and of the building foundations. Lay- 
ers of vibration-absorbing materials are interposed in 
the concrete slab to build the height up to three feet 
above floor level. A service panel mounted on the 
floor of the room alongside the table provides gas, water, 
air, electric, and waste connections, while auxiliary 
apparatus will be either mounted on adjacent tables or 
supported overhead from six-inch eye-bolts. 

In connection with the two dust-free rooms and the 
two constant-temperature rooms, it is perhaps worthy 
of note that complete electrical shielding will be pro- 
vided. For this purpose the walls and ceiling will be 
covered with a copper-clad tar paper. The floor slab 
will contain a continuous copper mesh screen brought 
up at the edges of the room and soldered to the wall 
covering. Lights are to be encased in copper mesh 
baskets. The electric light and power circuits will be 
supplied through 1:1 transformers located just below 
each room in the service tunnel. This design for such 
rooms is employed at the Naval Research Laboratory 
and was described to us by Dr. W. A. Zisman. 

Although not, directly under the control of the divis- 
ion of physical chemistry, the shop units are of such 
primary concern to that department that they are 
appropriately mentioned here. } 

The shops are located in the basement and consist 
of two portions, one to be used only by employed me- 
chanics, the other by members of the staff and graduate 
students but under the supervision of the shop super- 
intendent. The first of these units consists of a main 
shop (about 1000 sq. ft.), a stock room, a shop office, and 
a room for sand blasting, plating, and finishing. For 
general use a machine shop and‘a wood shop (about 
325 sq. ft. each) are provided. Members of the staff and 
authorized graduate students only will have access to 
the latter rooms at any time, while the shop superin- 
tendent will be available during regular hours. 

One of the basement rooms near the shops will be 
used for the storage of instruments requiring repair 
and adjustment. The shop foreman will have access 
to this room and will be expected to arrange for repairs 
as need requires and opportunity offers. 

In completing this brief description, I should like to 
emphasize that it was not my intention to present our 
laboratories as a model but to supply a partial check 
list of items to be considered by those who may soon 
be engaged in planning such buildings. As stated 
earlier, no description, however complete, can be an 
adequate substitute for personal observation. 
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DESIGN OF LABORATORIES FOR 





CHEMICAL ENGINEERING INSTRUCTION’ 


FUNDAMENTALS 


In the design of any unit there are fundamental con- 
cepts which must, be kept clearly in mind if the final 
construction is to fulfill completely the expectations of 
the designers.. A good chemical engineering laboratory 
should be designed for (1) maximum utility, (2) great- 
est flexibility, (3) minimum cost, consistent with sound 
construction. Contrary to what one might at first 
thought believe, these principles are not inconsistent 





Chemical Engineering Liahesatorics at the Massachusetts 
Institute of Technology 


Figure 1. 


with good physical appearance. Construction of 
laboratories has too often followed the whims of some 
individual or has served merely to produce a monu- 
ment in the form of a memorial, with but limited prac- 
tical utility. 

The comments presented in the following paragraphs 
are based on experience with three groups of chemical 
engineering laboratories used by the Massachusetts 
In$titute of Technology during the past 35 years. The 
knowledge so gained was used in the design of the pres- 
ent chemical engineering laboratory group (Figure 1). 
This is of such size as to accommodate approximately 
150 graduate students and 90 to 100 senior under- 
graduates, together with the necessary staff and per- 
sonnel. In addition, sufficient space is provided for 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic City, 
April 14-18, 1947. 
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about 30 research associates. The building, com- 
pleted just at the outbreak of the late war, was used 
first by a Government agency for research and develop- 
ment work, but for the past 14 months has been oc- 
cupied by the Chemical Engineering Department. 
The soundness of the design is proved by the relatively 
few minor changes which would be made if the building 
were to be rebuilt at the present time with the advan- 
tage of the experience gained by the two groups who 
have used it during the past five years. The fact that 
a building constructed primarily for chemical engi- 
neering instruction could serve so admirably for govern- 
mental research and development is additional indi- 
cation of the firm, broad basis on which it was con- 
ceived. 


GENERAL FEATURES 


The optimum building height is probably two stories 
and the construction should certainly be fireproof 
throughout. The advantages of a flat roof should not 
be overlooked. It can serve as space on which to con- 
struct additional temporary units, particularly if they 
are of an obnoxious or dangerous nature, and if properly 
designed, it can serve to aid in cooling'the building in 
localities where uncomfortably hot weather is experi- 
enced. Bulky or heavy objects are readily placed on 
or removed from such a structure by a portable crane. 
A raised, central penthouse section on the building 
makes ventilation easier, improves lighting, and gives 
additional height at minimum expense for the few 
pieces of high apparatus which would not be accommo- 
dated in a height of two stories. Numerous, readily- 
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Figure 2. First Floor Plan 
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removed, pitched skylights will be found useful for 
bringing services to and from temporary equipment 
located on the roof and, in’ addition, they offer a con- 
venient place to exhaust hot or obnoxious gases to the 
atmosphere. Moreover, they can often serve as con- 
venient openings for the installation or removal of 
heavy equipment. It is surprising how readily such 
equipment can be moved in and out through the sky- 
- lights, particularly with the aid of a simple lifting de- 
vice. Any objection to skylights, based on the diffi- 
culty of keeping the room in which they are installed 
cool in hot weather, can be largely overcome by the 
proper use of shades. 

The optimum distance of floor to ceiling probably 
ranges between 11 and 14 feet, irrespective of whether 
or not the room is to be an office, a laboratory, or a class- 
room. Too many laboratories, are built with excess 
headroom. Soundproof ceilings should be installed at 
least in offices and classrooms. In chemical engineer- 
ing work, some space must be available with a 30 to 40- 
foot headroom for installation of columns and similar 
tall equipment. The fraction of the total area devoted 
to such space need not be large. Possibly too much such 
space has been provided in the building at Cambridge, 
but this can be readily corrected, if necessary, since 
provision was made in the original design for flooring 
over part of this space either temporarily or perma- 
nently. Concrete seems to be the most suitable mate- 
rial for floors. Linoleum in_ offices and conference 
rooms is desirable, while corridors had best be covered 
with one of the plastic-coated, asphalt-base materials 
which withstand heavy wear and are resistant to dam- 
age from burning cigarets. 

Interior laboratory walls constructed of hollow terra 
cotta tile, besides being inexpensive, can readily be re- 
moved or changed. Even inexperienced students find 
no difficulty in attaching equipment to such walls. The 
holes left when apparatus is removed can be quickly 
and inexpensively plugged with terra cotta colored ce- 
ment or, if need be, whole blocks may be inexpensively 
replaced. When painted, such walls present a very 
pleasing appearance and, in addition, do not show dirt 
and stain as noticeably as do smoother surfaces. For 
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Figure 3. Basement Floor Plan 


JOURNAL OF CHEMICAL EDUCATION 


offices, classrooms, and conference rooms where objects 
are not often attached to or removed from permanent 
walls, plaster on magnesia block gives a more sound- 
proof wall of somewhat better appearance but at in- 
creased cost. 

A satisfactory ventilating system follows the co: 
ventional idea of supplying heated, filtered air unde 
pressure to all laboratories from a central unit. Ex- 
haust air should be removed at several points, each pro- 
vided with a separate fan and control. To satisfy in- 
dividual desires, offices should probably be provided 
with manually-controlled radiators. 

There should be at least two 110-volt outlets on op- 
posite walls of each office, classroom, and conference 
room. All the necessary conduits for telephones and 
any other desired signal systems will be laid while the 
building is being constructed. Certainly, every at- 





Figure 4. Laboratory for Work of a Chemical Rather than an Engi- 
neering Nature 


tempt should be made to eliminate exposed wiring of 
any sort except in laboratories. Probably fluorescent 
lighting will be chosen for any new building. This is 
quite satisfactory in all rooms with the possible excep- 
tion of offices. There still seems to be some discussion 
as to whether a combination of fluorescent and incan- 
descent lighting may not be superior where close work 
must be performed. 

Adequate shipping and receiving facilities are a neces- 
sity. This is a feature often overlooked in an educa- 
tional building. There are decided advantages in 
having the lower floor of the building at ground level so 
that relatively heavy objects can be easily moved to 
and from trucks. The large receiving and shipping 
entrance should be provided with some type of simple 
hoist and trolley to facilitate loading and unloading 
operations. 

Laboratories and classrooms need not be drab and 
colorless. Modern flat paints in pastel colors properly 


chosen can do much to make such rooms attractive, 
and there is considerable argument to substantiate the 
claim that properly-chosen lors do have a desirable 
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Figure 5. A Convenient Apparatus Rack 


psychological effect on people. Light-colored, chemical- 
proof, semi-gloss paints are attractive finishes for labo- 
ratory walls. 


ROOM TYPES 


Offices for staff, the executive head, and secretaries 
are, of course, necessary. Washrooms for men and 
wash and restrooms for women should be provided. 
At least one and possibly two conference rooms will 
be found useful. These should be sufficiently large to 
accommodate 30 to 40. people and they should be pro- 
vided with blackboard space, a rolled, beaded projec- 
tion screen, and suitable electrical outlets. It may 
also be advantageous to provide for telephone service 
in these rooms. They will be found especially useful 
for staff meetings, seminars, and for interviews be- 
tween students and prospective employers, particu- 
larly where other space is not specifically provided for 
this purpose. Classreoms should be of sufficient size 
to accommodate classes expected. In addition to 
blackboards, these should be provided with rolled, 
beaded screens and the proper electrical outlets for 
the operation of.projection equipment. At Cambridge 
four classrooms and two conference rooms are suffi- 
cient for the work in chemical engineering. One class- 
room with seats for 75 is used for lectures. The work 
can be handled in these few rooms only if class schedul- 
ing is efficiently carried out. 

Laboratories; Several types of laboratories are 
needed. For large undergraduate classes carrying on 
work of essentially a chemical nature, rooms with 
properly designed chemical laboratory benches are en- 
tirely satisfactory (Figure 4). Probably the space so 
furnished should not be over 20 to 25 per cent of the 
total laboratory space available. 
search and some of the instructional work, laboratories 
should be provided with apparatus racks rather than 
benches. A rack which has been found satisfactory 
and which can readily be constructed, preferably using 
are-welded joints, is shown in Figure 5. Racks should 
occupy upwards of 30 to 35 per cent of the total labora- 
tory space available. For advanced research, par- 
ticularly for men studying for the doctorate, small 
rooms accommodating four to eight men, provided with 
chemical bench space along the walls and racks in the 





. nently installed equipment. 


For much of the re- . 
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center of the floor, have been found parti¢ularly useful. 
It is desirable to provide all laboratories with space for 
writing notes and operating delicate instruments 
(Figure 6). Writing shelf space along one wall of each 
laboratory has been provided for this purpose at Tech- 
nology. For advanced work involving specially con- 
structed, large apparatus, large, open laboratories with 
conveniently arranged utilities are needed (Figure 7). 
Similar space should be available for a unit operations 
laboratory: Any equipment installed in these rooms 
should be considered of either a temporary or at most 
a semipermanent type. Chemical engineering labora- 
tories and schools throughout the country tend to be- 
come cluttered with large, heavy, obsolete, perma- 
No equipment in chemi- 
cal engineering laboratories should be considered truly 
permanent except that connected with the supplying 
of the necessary utilities. Flexibility and the oppor- 
tunity to change as new developments occur are prime 
essentials. 

Special Rooms; Rooms for storage of apparatus and 
for apparatus loan are necessary. A relatively small 
amount of storage space will be adequate if provision 
is made for efficient utilization of the space by provid- 
ing suitable racks and shelves. A large amount of 





Figure 6. Space for Writing, Which Is Provided in All Laboratories 
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Research Apparatus in One of the Chemical Engineering 
Laboratories 


Figure 7. 


storage space is a distinct disadvantage as it fosters the 
hoarding of obsolete and worn-out equipment. A small 
room provided with grinding equipment, permanently 
installed, is extremely useful, as is also a glass-blowing 
room suitably equipped. Probably some will want a 
constant-temperature, constant-humidity room and 
where money is available, this will be found useful. A 
small low-temperature room is needed for some types 
of work. The one at Technology is approximately 8 
x 8 X 12 feet and is capable of being operated at 
—40°F. continuously. At least one balance room with 
six to ten balances is needed and if much work on plas- 
ties or rubber is contemplated, laboratories of limited 
size equipped with the proper presses, mills, calenders, 
and similar machinery should be provided. The shop 
and the apparatus loan room are of sufficient impor- 
tance to warrant discussion under separate headings. 
Shop: in chemical engineering research, there is the 
probability that practically every conceivable material 
of construction will have to be-worked, and it would be 
highly impractical to equip a shop to do this. Ma- 
chines should be available, however, for working all of 
the more common materials including the newer alloys. 
The following machine equipment has been found 
practical and adequate for the work at Technology: 


Lathes 
Three 14”, ‘screw cutting, completely equipped with collets, 
jaw chucks, taper attachment 
Three 10”, screw cutting, completely equipped with collets and 
jaw chucks 
One 14”, screw cutting, with gap bed to take diameters up td 
30” 
One 12”, wood turning 
Planer 
One 6’ 
Shaper 
One 15” 
Drill Presses 
Four 14’, light duty 
One 24”, heavy duty, back-geared 
Hacksaws 
Two standard reciprocating-type 
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Grinders 
One 2HP, snagging grinder 
Two '/, HP, for offhand grinding 
One !/2 HP, for tool grinding 
Oné automatic surface grinder equipped with permanent mag- 
net chuck with working surface 6” X 18” 


Milling Machines 
One small, Universal-type, with ram héad and hand-operated 
feeds 
One large, Universal-type, with power-operated feeds 
One light duty, precision-type, vertical miller with ram-type 
head 


Woodsaws 
One 10” tilting Arbor, circular saw 
One 14” bandsaw with slow speed attachment for metal work 


Sheet Metal Brakes 
One 6’ hand-operated, simple brake 
One 6’ hand-operated, box-type brake . 


Shears 
One 6’, foot-operated, sheet metal squaring shear 
One small hand-operated shear to take bar stock up to approxi- 
mately 3/s” in diameter 


Sheet Metal Rolls 

One 4’ set to handle stock up to 16-18 gage ° 
Welding Equipment 

Two 200-amp. d.-c. are welders 

One 400-amp. d.-c. arc welder 

Two sets of tanks and torches for oxyacetylene welding 


It is, of course, understood that the above-men- 
tioned equipment will be completely equipped with 
such accessories as the work to be done may dictate. 
These will certainly include the necessary: vises, index 
heads, and rotary tables to be used on the milling and 
boring units. A very completely-equipped tool crib, 
properly supervised, is a necessity. Provision must be 
made in the shop to supply students, as well as pro- 
fessional workers, with the tools and stock needed for 
the work to be done. Certainly, in this day, all power- 
operated tools should have individual motors. 

Apparatus for Loan and Storage: The large amount of 
diverse equipment needed in chemical engineering can 
best be handled from a central point. ‘ Here, all instru- 
ments and apparatus can be kept under orderly, safe 
conditions. Steel shelving is excellent for this purpose. 
At this point, provision should also be made for cleaning 
and minor overhauling of returned equipment to insure 
that it will be in proper working order when reloaned. 
To this end, space should be provided at the apparatus 
loan center for a small metal working lathe, an electrical 
test bench, a small drill press, and a utility grinder. 
An 8- or 10-inch circular saw will also be found useful. 
In addition to lending apparatus and overhauling it 
when it is returned, this center can well serve as the 
shipping and receiving point for the laboratory and 
as the place to mimeograph the very large number of 
sheets which must be prepared in connection with 
chemical engineering educational work. The proper 
handling and equipping of this center can’ do much to 
simplify and expedite the work carried on in the labs. 


UTILITIES 


There always seems to be a tendency to distribute 
more types of service to laboratories where chemical 
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work is done than are really needed. Such overequip- 
ping not only adds to the initial investment but is a con- 
stant source of expense for upkeep. 

Water: Water should certainly be provided in all 
laboratories, the glass-blowing room, the shop, and the 
apparatus storage room. Hot water should be avail- 
able in all toilets and washrooms. However, at other 
points where heated water is necessary, it is less expen- 
sive to install steam mixers on cold water faucets, thus 
eliminating the necessity for piping hot water through- 
out the building and for installing a large hot water 
heating system. These steam mixers have worked en- 
tirely satisfactorily at Cambridge. 

Distilled water should be available at several points 
in the building, but certainly not more than one or two 
outlets will be needed even in the largest laboratories. 

Gas: Gas is a necessity in all laboratories as well as 
in the glass-blowing room, the shop, and the apparatus 
storage and loan space. At least a three-inch main 
should be run in the laboratories where large-scale re- 
search equipment will be built. The tendency seems, 
however, to use less gas for heating and more electricity 
in research and experimental work. Although the 
meter in the laboratories at Cambridge has a capacity 
of 5000 cubic feet per hour, the maximum demand 
which has ever been made on it is slightly over 1100 
cubic feet per hour. 

Steam: Low pressure steam will be useful in all labo- 
ratories and high pressure steam should be available 
at a few locations in those laboratories where relatively 
large-scale research apparatus will be operated. It is 
doubtful whether compressed air should be distributed 
from a central point. Such a system is a!ways inade- 
quate and we have found it extremely convenient to 
use small, portable, motor-operated compressors wher- 
ever a source of air is needed. A permanently installed 
vacuum system will be of little utility. Most of them 
do not work satisfactorily and certainly from the point 
of convenience and cost, it is much better to have avail- 
able small, motor-operated vacuum pumps or to use 
small steam or water ejectors. 

Electricity: The electrical distribution system is ex- 
ceedingly important and every attempt should be made 
to install lines of sufficient capacity. - Three-phase, 110- 
volt circuits should be available in all laboratories and 
220 volts should be distributed to afty locations where 
considerable amounts of power will be used In addi- 
tion, provision must be made for the operation of 
small, single-phase, 110-volt motors throughout the 
building. Where direct current is ‘required, either 
small, dry plate rectifiers or small motor generators are 
recommended. The latter are exceedingly conven- 
ient, and by control of field resistance practically any 
voltage up to the maximum available from the machine 
can be had. Such a unit as this is ideal for supplying 
energy to electrical heating apparatus not only where 
smooth, stepless control is needed but, in addition, 
where the use of alternating current would affect ther- 
mocouples. These motor generator units should be 
available in sizes from approximately 250 watts up to 
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two kilowatts. For connecting apparatus requiring 
more than a few hundred watts, boxes containing 25- 
ampere circuit breakers can be liberally distributed 
throughout the laboratories. These make convenient 
points from which research workers can take consid- 
erable amounts of electrical energy. 

Drainage: Floor drainage is needed in all rooms with 
the exception of offices, classrooms, and conference 
rooms. Such drains not only can carry off spilled 
water and solutions, but also provide a convenient 
point for discarding cooling water from apparatus. 
In addition, they provide an outlet for the water from 
emergency showers which will of course be installed at 
convenient points throughout the laboratory sections 
of the building. 

Utility Loops: Throughout the larger laboratories, 
especially those where research equipment of some size 
will be operated, it has been found convenient to dis- 
tribute the various services in the form of loops run- 
ning around the outer edges of the laboratories. It is 
common practice to provide the electrical loops with 
many convenient outlet points. The same idea should 
be extended to the pipes carrying water, steam, and 
gas. About every 12 or 15 feet throughout these cir- 
cuits, a tee should be inserted and the side outlet of the 
tee provided with a valve followed by a plug. This 
arrangement enables a research worker to gain access 
to any of the services so equipped without the neces- 
sity of interfering with other equipment or obtaining 
the services of a skilled mechanic to make the required 
connection. Probably these service loops are most 
convenient’y carried on the ceilings of the various labo- 
ratories where they are not only out of the way but 
immediately available for repair. 

Fume Hoods: Everyone seems to have his own ideas 
concerning hood design. Probably soapstone is still 
the most satisfactory material of construction. How- 
ever, some of the newer plastic-bonded plywoods with 
a proper surface protection can be used to advantage 
with a very considerable saving in cost. All hoods 
should be provided with glazed sliding fronts. Open 
hoods have never proved successful in chemical engi- 
neering work at Technology. Separate exhaust fans 
and ducts should be used for each small group of hoods, 
and preferably, for each individual’ hood. A large 
number of units connected through a single duct to a 
single exhaust fan is always unsatisfactory and in some 
instances may be hagZardous due to the practical im- 
possibility of keeping the flow through all balanced. 
It will be found advantageous to light hoods by fluores- 
cent fixtures mounted outside the top section, the light 
being admitted through glazed areas. In this way 
corrosion of the lighting fixtures and the associated 
electrical circuits can be largely eliminated. 


EQUIPMENT 


It is seldom, indeed, that equipment of commercial 
size has any place in an educational laboratory. With 
the exception of air and water, there is practically 
never sufficient material available in the ordinary edu- 
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cational laboratory for processing in commercial-size 
equipment. Moreover, the upkeep and the cost of 
operating such units is excessive in comparison with 
the benefits derived. All the engineering principles 
and most of the design details can be illustrated and 
studied much more readily at less expense, but just as 
effectively, on small or medium-size equipment as on 
large units. Even where full-size equipment can be 
obtained at no cost, the gift often turns out to be an ex- 
pensive one. Moreover, once installed, it is exceed- 
ingly difficult to get rid of such apparatus even though 
it has become obsolete and has entirely outlived its 
original minor usefulness. , 

Not only should the equipment be of small size, but 
wherever at all practical, it should be skid-mounted and 
raised sufficiently so that a small hand-operated hy- 
draulic truck can be slid under it to facilitate moving. 
None of the apparatus installed should be considered 
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permanent. During periods of inactivity, apparatus 
should be removed to storage areas, and when appara- 
tus has outlived its usefulness it should be discarded. 


CONCLUSIONS . : 


The fundamental ideas of utility, flexibility, and cost 
should be kept in mind not only in the construction 
but in the operation of any chemical engineering labora- 
tory.. Every attempt should be made to prevent the 
laboratory from becoming static. To this end the de- 
sign should include provision for periodic moderniza- 
tion. All equipment should be considered of a tem- 
porary rather than a permanent nature. It should be 
so installed that it will be readily removable, thus 
making space for newer, more useful units. Close ad- 
herence to these principles will not only do much to- 
ward limiting the cost and the size of a laboratory, but 
will insure that it stays young with age. 


& NEW IDEAS FROM INDUSTRIAL 
LABORATORY DESIGN’ 


q 

Tue wast 20 years have seen a tremendous growth in 
the size of industrial research organizations, but it is 
only recently that proper attention has been given to the 
problem of providing facilities commensurate with the 
importance of this work. Some notable industrial 
laboratories have been built, but most industrial re- 
search work has been done in converted warehouses or 
factory buildings, and even the new industrial research 
laboratories have tended to follow traditional col- 
legiate patterns. 

Gradually, however, the amount of money spent on 
industrial research has made it imperative that special 
facilities be provided to insure the most efficient utili- 
zation of the money spent. As a result, there is at the 
present time a tremendous program of active and con- 
templated construction of industrial research labora- 
tories. : 

More important than the size of this program is the 
fact that an entirely new concept of laboratory con- 
struction has been evolved. Industrial research has 
demanded simplicity, versatility of use for the space 
provided, and ease of further expansion. The archi- 
tects have met this demand by making a new approach 
to the problem and most of the new laboratories are 
being designed to conform to these new ideas. 

This paper will make -no. attempt to apply these new 
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ideas to the design of university laboratories, nor will it 
attempt a complete review of the basis for industrial 
laboratory design. However, there are certain ideas 
involved-in the modern thinking about industrial labora- 
tories which may stimulate the thinking of those de- 
signing university laboratories and some elements of 
modern industrial design may be convertible to univer- 
sity use. 

The new approach to the construction of industrial 
research laboratories has been pursued along two lines: 
first, the concept of modular design in which a labora- 
atory becomes simply an assembly of.standard work 
units; and second, the adaptation to laboratory design 
of certain practices which have become established in 
large office building construction. 

The new thinking regarding laboratory design starts 
with the idea that laboratory’ work even of widely 
different types requires much the same space and facili- 
ties. It should therefore be possible to design a stand- 
ard work unit or module which could be used for a wide 
variety of different purposes by simply changing service 
outlets and furniture. The design of a laboratory, 
therefore, becomes simply the design of the most adapt- 
able unit or module, the grouping of a sufficient ‘num- 
ber of these modules into a simple building, and the 
providing of supplementary. facilities such as semi- 
works, cafeterias, libraries, etc. When such an ap- 
proach is first suggested to a laboratory organization 
they generally consider their work as being too spe- 
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cialized for such a standardized scheme, but laboratories 
of this sort have proved so successful in practice that 
the standardized module design has become the basis 
of almost all new construction of large industrial labo- 
ratories. 

Rather general agreement has been reached regarding 
the shape of the standard module for industrial use, 
although there is still considerable difference of 
opinion regarding the most desirable size. The stand- 
ard module is a slot with work benches down each side, 


a window at one end, and an access door from a cor- 


ridor at the other. This is in contrast with the old idea 
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Figure 1. A Laboratory May Contain One, Two, Three, or More Work 
Units. 


of considering a laboratory as a room with benches 
around the walls and an island bench in the center. 
Some people favor a module with a work bench down 
one side of the aisle and storage cabinets on the other, 
but most designers believe sufficient storage space can 
be provided below bench level or in supplementary 
cabinets replacing a limited number of bench units. 
A laboratory can consist of a single module surrounded 
by walls, or two, three, or an indefinite number of mod- 
ules may be included in a single room. An effort is 
made to include within the slot or module the facilities 
which the worker will require so as to minimize the 
amount of traveling he will have to do from his work 
area, and every effort is made to avoid making it nec- 
essary or convenient for other people to pass through 
his working space (Figures 1 and 2). 

The size of the standard module varies considerably 
with the nature of the work to be carried on and the 
willingness to spend money to increase the convenience 
and the spaciousness of the laboratory. The absolute 
minimum width would include a 31/2-foot aisle with 
2-foot benches on either side, which, with partitions, 
would give a module width of 8 feet. This, however, 
is too cramped for good practice, and 9 feet in width 
from partition center to partition center, or from bench 
back to bench back, is the minimum of good practice 
even when only small articles are to be handled. A 10- 
foot width is considered better practice and 11 feet is 
desirable where bulky articles are involved. In any 
case the aisle should be wide enough so the men working 
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at opposite benches do not interfere with each other, 
and real spaciousness is achieved if they are far enough 
apart so that a third man can pass between them with- 
out disturbing their activities. Module lengths vary 
from 20 to 32 feet. In determining the length it is 
desirable to provide clear space within the partitions in 
multiples of 2 feet since standard furniture and cabinets 
usually come in 4-foot or 2-foot lengths. Sometimes 
two different module lengths are provided by using an 
off-center corridor. In this case a single row of center 
building supports is provided with the corridor running 
along one side of the supports. This gives long mod- 
ules on one side of the corridor and short modules on 
the other. : 

In order to convert a working module readily from 
one use to another it is customary industrial practice 
to use a variety of standardized bench and table units. 
These units are available in 2-foot and 4-foot lengths 
and it is relatively simple to substitute one type of 
bench unit for another when the module is converted 
from one type of use to a different type of operation. 

To achieve complete versatility of use for the space 
provided, industrial laboratory design has adopted the 
relocatable partitions which have become almost stand- 
ard for modern office building construction. These 
partitions are ordinarily spoken of as “movable,” al- 
though they are not movable in the same sense as 
sliding or folding partitions. However, they are so 
constructed that properly trained personnel can take 
them down and re-erect them in a very short space of 
time without any of the mess or confusion involved in 
relocating even the simplest plaster or tile partitions. 
They are of two general types, the first being steel 
panels which are set between metal posts anchored to 
the ceiling and to the floor, and the second being as- 
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Figure 2. Typical Single Unit Industrial Laboratory’ 
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bestos-cement sheets hung on lightweight metal studs 
held ‘in place by metal channels attached to the ceiling 
and to the floor. The metal partitions are supplied 
with a baked-on enamel finish which can be repainted 
in place as required, and the asbestos-cement sheets 
may be either painted in place or left in their natural 
color. Integrally colored asbestos-cement sheets have 
been developed which provide permanent decoration 
without any need for finishing, but production has not 
yet reached the point where this material is available 
for general use. 





Recessed Lighting Fitted into Hung Ceiling 


Figure 3. 
The most common use of these movable partitions 
is to vary the grouping, of work modules into rooms of 
different sizes. For this purpose it is only necessary to 
remove and relocate the cross partitions between fixed 
exterior walls and fixed corridor walls. If it is desirable 
to relocate the doors in the corridors, it is possible to 
remodel the corridor wall as well, although this can be 
avoided by providing a separate door in the original 
corridor wall for each module, so that the relocating of 
the cross partitions does not upset the individual access 
to each working space. The movable partitions can 
also be used, if desired, to divide a module into smaller 
rooms for specialized purposes. ‘ 
Modern practice provides gas, water, and a wide 
variety of other services on both sides of each module or, 
in other words, between each adjacent module. It is 
standard practice to make all of the potentially desired 
services available at each location but to pipe to the 
benches only those which are actually needed. There 
are three more or less standard ways of carrying these 
services to the point from which they can be 
_ tapped off to serve the working modules. One is to 
have'the main distributing feeders in the basement and 
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bring individual risers up the outside wall between the 
windows so that they can be tapped off from the outside 
wall to provide facilities along the backs of the benches. 
The second is similar except that the risers come up 
shafts at the intersection of the module limits with the 
interior corridor walls. The third and more traditional 
system is to run the main service pipes under the floor 
slab and to tap off up through the floor through floor 
plates or sleeves. In this latter case, to avoid the bad 
appearance and difficult house cleaning of exposed 
piping, industrial laboratory design has borrowed an- 
other standard procedure from large office building con- 
struction—namely, the use of hung metal ceilings. 
These are simply suspended false ceilings carried on a 
light metal framework which conceal all of the overhead 
piping and duct work. The actual false ceiling is com- 
posed of 12 X 24-inch light metal perforated or solid 
pans which simply slip into the metal framework and 
can be quickly removed and replaced so as to give ready 
access to the miscellaneous piping, wiring, and duct 
work which they are used to conceal. If these pans 
are perforated and fitted with sound-absorbing pads, 
they become a highly ‘effective acoustical ceiling. 
These ceilings are designed so that troffers can be sub- 
stituted for some of the metal pans, providing recessed 
fluorescent lighting which can be placed anywhere it 
is desired in the ceiling with the wiring concealed be- 
tween the floor slab and the hung ceiling (Figure 3). 
There are a variety of ways in which the services may 
be run from the outlet boxes in the floor or in the end 
partitions to the proper outlets along the benches. If 
asbestos-cement partitions are used (Figure 4), the 
piping can be carried in the wall itself behind easily re- 
movable access plates and a single line can then be tap- 





Cut-Away Showing Service Pipes under Floor Carried up 
into Movable Asbestos-Cement Partitions 


Figure 4. 
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ped off to supply both sides of the partition. Another 
method is to attach a pipe rack to the partition to carry 
the pipes below the level of the bench tops. This 
pipe rack has a top corresponding to the top of the 
movable furniture so that bench units can be placed 
and removed without disturbing the piping or the serv- 
ice outlets. This method of distribution cuts down 
somewhat the storage space in the cabinets and requires 
moving the furniture to work on the piping, but it is 
the common practice with metal partitions and when 
benches are placed back to back without an intervening 
partition. 

A laboratory designed by the duplication of standard 
work modules using movable furniture, relocatable 
partitions, and providing a variation of possible services 
has almost complete versatility of use for the space 
provided. For example, three work modules might be 
used as one large laboratory, might be subdivided into 
three small individual laboratories, might be used as two 
small laboratories with a common equipment room be- 
tween which might be either a single space or a space 
easily dividable into a dark room and a sample prepara- 
tion room. Or the three units might be modified to 
provide a two-module laboratory and an office with a 
small personal laboratory, or might provide a secretary’s 
office, a private office, a full-size private laboratory, and 
a supplementary equipment room, or might be used to 
provide division headquarters consisting of a private 
office, a conference room, and a large secretarial, steno- 
graphic, and filing space. By changing the nature of 
the furniture and the type of services available, it might 
be used at one time for chemical work and at another 
time for experimental work in physics. It’ might be 
used for laboratory purposes or, again, it might be sub- 
divided so that part of it could be used to house com- 
munity equipment, such as ovens, grinding machines, 
etc.. To convert from any one of these uses to any one 
of the others is a matter of a few days’ work (Figure 5). 

Perhaps even more important than the versatility 
of usage is the possibility of expanding the size of the 
laboratory and then readjusting the space so that it 
will be as efficiently distributed as if the building had 
originally been planned for the enlarged size. As a 
simple illustration, if the original building was designed 
to provide 10 modules for chemical work and 10 mod- 
ules for work on physics and it should be later decided 
to add an additional 10 modules of space, both the 
the chemical and the physical operations could be ex- 
panded five units by a rearrangement of partitions 
and facilities with the space as efficiently distributed 
and located as if the plan had originally been made for 
30 modules. 

Space designed for laboratory use is expensive to 
construct so that in designing industrial research cen- 
ters considerable effort has been made to provide cafe- 
terias, libraries, auditoriums, file rooms, and even 
offices convenient to the laboratory space but at a 
lower construction cost. In some cases this is accom- 
plished by building a simple modular laboratory build- 
ing and adding short side wings to house offices. In other 
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Figure 5. Alternate Uses of a Three-Unit Space 


cases a section of building without laboratory piping, 
fume exhausts, etc., may be actually set into a standard 
laboratory structure. There are a number of other 
obvious approaches to the solution of this same prob- 
lem, all having the general objective of using the ex- 
pensive space equipped with services, fume exhausts, 
etc., primarily for actual experimental work. 

A great deal of thought has also been given to provid- 
ing low-cost pilot plant space conveniently adjacent to 
high-grade laboratory facilities. Frequently it is de- 
sirable to maintain close correlation between laboratory 
research work and large-scale experimentation, and to 
achieve this the two types of facilities need to be located 
so that the men can go back and forth conveniently 
between the laboratories and the pilot plant areas. 
There have been a number of very interesting cases 
where this has been solved by combining two entirely 
different types of buildings in a single structure. For 
example, a building may be designed by, taking only 
half of a standard two-story research laboratory build- 
ing—namely, the corridors and the laboratories on one 
side of the corridor—and simply substituting this 
for one bay of a typical three-bay factory building. 
This gives a long structure with one face being standard 
laboratory building and the other face being simple in- 
expensive factory construction. The research men are 
supplied with the most’ modern possible laboratory 
facilities; yet they need only step across the corridor to 
be in an inexpensive factory building where large 
amounts of space can be provided for them at the mini- 
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mum cost. Other ingenious arrangements of this 
sort have been worked out and successfully used. 

While industrial design has been directed primarily 
toward simplicity, versatility of use for the space pro- 
vided, and ease of expansion, there has also been a 
growing desire for better appearance in industrial re- 
search facilities. There is a growing tendency to con- 
centrate industrial research for a company in a re- 
search center separated fromi the plants and set in at- 
tractive surroundings. In fact, it is rather common 
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now for an industrial research organization to speak of 
its “campus” and some of the centers now under con- 
struction will compare favorably in setting and outside 
appearance with modern university units. It is very 
interesting that, in spite of the very utilitarian approach 
to the design of these industrial laboratories, the archi- 
tects have been able to provide exteriors which justify 
real architectural enthusiasm. Modern industrial 
laboratory design is proving, again, the soundness of 
the old principle of designing from the inside out. 


* THE ARCHITECT IN HIS RELATION 
TO THE CHEMISTRY-DEPARTMENT 
BUILDING COMMITTEE 


Avy discussion of “The Architect in His Relation to 
the Chemistry-Department Building Committee” 
presupposes the formation of such a committee. Fre- 
quently, before such a committee has been appointed, 
preliminary decisions, such as selection of the site and 
engagement of an architect, have been completed. I 
will, therefore, omit any discussion of site or suggestions 
on how to select an architect. 

The architect’s introduction to his problem must of 
necessity be by way of the building committee, since 
initially it is his main source of information, although, 
as studies progress, this relationship may be reversed. 


PROGRAM 


Before this introduction, the building committee 
should have set up a program and reached a general 
agreement as to its scope and adequacy. The program 
need not be too precise but should be sufficiently com- 
prehensive to enable the architect to make a quick 
calculation of the square feet of space involved and thus 
to make a reasonable guess as to the probable cost. I 
would like to interpose at this point that prior to the 
war it was possible to make a reasonably accurate guess 
based on preyious costs per square foot. That is dif- 
ficult if not impossible today due to the fact that de- 
pendable postwar costs are not yet available. 

Returning to the matter of program, the building 
committee should have established prior to their con- 
ference with the architect: 

(1) The courses to be taught and the maximum num- 

ber of students to be accommodated in each 
course. 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic City, 
April 14-18, 1947. 
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(2) The number of laboratories required for each 

course and their minimum sizes in square feet. 

(3) Number and size (capacity) of classrooms. 

(4) Number and seating capacity of lecture rooms. 

(5) Number of staff offices. 

(6) Department-head offices 

spaces. 

(7) Museum: how used. 

(8) Library: readers accommodated, special books. 

(9) Miscellaneous: rooms and spaces, such as prepa- 

ration rooms, stockroom, private labs, dark 
rooms, balance room, etc. 

The sum of the areas comprising such a list will of 
course have to be amplified by the architect by the 
addition of spaces required for entrances and exits, 
corridors, stairs, toilets, elevators in some instances, 
maintenance spaces, and spaces required for mechani- 
cal and electrical equipment. 

Many of these areas and facilities must conform to 
local and state laws, and of course the architect must 
fully inform himself in regard to building codes. 

The architect should then initiate a series of con- 
ferences not only with the building committee but also 
with the department head and the staff in order to ob- 
tain a clear and definite picture of how the chemical 
department expects to function. The experienced 
architect will endeavor to extend these conferences 
until all aspects have been thoroughly explored before 
making a start on actual planning. Too early a start 
on planning very often results in becoming attached toa 
parti pris, which in itself may have merit but which may 
not be the proper solution for the problem on hand. 
The danger in such an attachment lies in a continued 
effort to make an unworkable scheme work, instead of 
clearing the slate and starting afresh. 


and administrative 
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PROVISION FOR INCREASED SCOPE | 


A serious effort should be made to visualize growth. 
A little day dreaming will do no harm. The commit- 
tee should have at least partially formulated plans for 
the future. What are they? Is it planned to limit the 
registration? Will there be a graduate school? When 
and what facilities will be offered? These and all 
similar matters should be thoroughly discussed and 
decisions made and recorded before the architect starts 
to plan. I have used the word “recorded” advisedly. 
We have found it very important to make a complete 
record of all committee and other discussions and de- 
cisions, and to distribute copies to all parties interested 
so that everyone may have an opportunity to register 
agreement or dissent. In this way we have been able 
to avoid misunderstandings or at least minimize them. 
There should, of course, be opportunity for reconsidera- 
tion and changes, but these should come early in the 
plan development and not at a point where the choice 
becomes an unsatisfactory compromise or a completely 
fresh start. However, it should always be be borne in 
mind that it is relatively inexpensive to change or even 
make a completely new start while the building is only 
on paper. Basic changes after construction is under 
way are costly and the results generally unsatisfactory. 


PROFITING FROM DEVELOPMENT IN THE 
INDUSTRIAL RESEARCH LABORATORY 


The college building committee of today should 
become familiar with the modern industrial research 
laboratory. During the last few years a great deal of 
serious thinking has been done in connection with ex- 
panded facilities for industrial research. Research 
directors have not hesitated to study college laborato- 
ries and take that which seemed worth while and profit 
from mistakes. Research played a major part in the 
winning of World War II. The immense appropri- 
ations now being made by industry indicate the role 
allotted to industrial research in the future. Indus- 
trial research laboratories look to colleges for their 
research technicians. It is not unreasonable to expect 
that industry may contribute to the cost of college 
buildings and their equipment and endow research 
fellowships. ' 

The early tendency in planning industrial research 
laboratories was to delegate the work to the research 
technicians who, while perfectly competent as tech- 
nicians, lacked a broad aéquaintance with laboratory 
plans. The result has been frozen space. By frozen 
space I mean lack of flexibility. A few years ago we, 
in our office, planned a series of inspection visits to 
industrial and college laboratories. We visited approxi- 
mately 30, extending from Cambridge, Massachusetts, 
to Madison, Wisconsin. We saw laboratories so fixed 
in plan and subdivision that it required demolition 
experts and a bulldozer to make a change. Salvage 
experts were not required; there was no salvage. 

Fortunately this phase of laboratory planning has, 
to a large extent, passed. Today the industrial labo- 
ratory building is based on a module or laboratory unit. 
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There may be considerable variation in this module 
for various types of laboratories, but once it has been 
determined, the number of units required establishes 
the building perimeter, and everything within this per- 
imeter except stair enclosures, vertical shaftways, 
lockers, toilets, washrooms, and mechanical spaces is 
completely flexible and may be changed practically 
overnight without serious interruption to the laboratory 
activities. 

Similar flexibility can and should be considered in the 
planning and construction of laboratory buildings of 
colleges. 


DISTRIBUTION OF SERVICES 


Before starting on the inspection visits already re- 
ferred to, we set up a questionnaire. One of the ques- 
tions concerned the. distribution of services—hot, cold, 
and distilled water, gas, air, steam, vacuum, electric 
current, etc. We hoped to find a general agreement or 
at least a trend. There was no agreement except a 
desire for greater flexibility and better housekeeping 
conditions, provided flexibility was not sacrificed in 
attaining them. 

The committees entrusted with decisions in regard to 
planning, constructing, and equipping college labora- 
tories—in fact any laboratory—should familiarize 
themselves with the advantages and disadvantages of 
horizontal vs. vertical distribution and eombinations 
of the two. May I suggest, however, that while be-’ 
coming acquainted with the various methods you keep 
an open mind, so that the decision may be in favor of 
the method best suited to your particular building prob- 
lem. ; 


MATERIALS OF CONSTRUCTION AND FINISHES 


One of the largest American chemical organizations 
has for some time ended its radio broadcast with the 
slogan, “Better Living Through Chemistry.” We owe 
thanks to chemical research and chemistry for many 
things which contribute to better living.. Chemistry 
has produced and continues to improve many building 
materials and finishes, but unfortunately there has been 
relatively little change in the basic, materials of con- 
struction. ; 

We still employ stone, brick, concrete, and steel as we 
have for years, and frequently when new methods in the 
use of these or new materials are suggested the inflexi- 
bility of state and local building codes prevents their 
adoption. There is also a tendency in the building 
trades to ask higher prices whenever a departure is 
made from established methods. And yet, if we are 
to solve the problems resulting from an ever-mounting 
spiral of building costs, new basic methods of construc- 
tion must be developed and adopted. 

The modern approach to architectural design may 
suggest a way, provided the approach is a true one and 
not just the application of a new style to an old foun- 
dation. Modern designers are prone to scoff at the last 
generation for their willingness to twist or adapt archi- 
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tectural styles—Greek, Roman, Gothic, Colonial—to 
suit their plan needs, and yet in building after building 
today the so-called modern design is only skin deep and 
structural engineers are forced to resort to all sorts of 
structural stunts to enable them to be built. 

The modern designers’ slogan, ‘‘Form follows func- 
tion,’’ all too frequently ends there. Forms, regardless 
of function, are twisted so as to avoid any possible 
resemblance to a past style. Many so-called mod- 
ern buildings might very well carry the inscription 
adapted from authors of fiction—‘Any motif or detail 
resembling any previous style, design, or aahicone is 
purely accidental.” 

Seriously, even though many of us, srchiteote as 
well as laymen, may not yet be ready to accept all of 
the modern designers’ offerings, there is no doubt that 
freedom from fixed rules of planning is developing 
better plans, and as we come to understand and ap- 
preciate this freedom we will demand an equally free 
approach to exterior design. Eventually this will 
result in buildings in which “form will follow function”’ 
and at the same time satisfy aesthetic demands. 

The architect of industrial buildings, whether for 
manufacturing or research, is much less hampered than 
the architect for college buildings. Industry is always 
reaching out for new fields to conquer and it is therefore 
reasonable to look to industrial buildings for a com- 
pletely new architectural expression. Some of them 

.are well worth studying. 


HANDICAPS IMPOSED BY CHARACTER 
OF EXISTING BUILDINGS 


The exterior treatment of college buildings, however, 
practically without exception, is adaptation—costly 
adaptation—of ancient collegiate architecture. Art 
must be served, and so instead of designing buildings 
planned for and expressing their purpose the architect 
is told: “‘We must have a Gothic or a Georgian exterior 
bec ause that was the style followed in previous build- 
ings.” Rather than have the form develop from its 
function and the exterior evolve logically from the plan, 
the plan must be warped and cramped to suit the con- 
cept of the style selected. 

The so-called styles are costly to construct and to 
maintain. Why should we in America reproduce the 
colleges of Oxford.or Cambridge? I agree that they 
are charming but their charm lies largely in the fact 
that they were the natural outgrowth of the life and 
craftsmanship of their period. 

May I ask you, as members or future members of 
building committees, not only to permit but to require 
your architect to develop in plan, buildings suited to 
their purpose and then endeavor to express that pur- 
pose on the exterior. Let us agree that if there is no 


particular exterior expression for a chemistry building 
that at least it should not take on the appearance of a 
Roman temple or a Gothic chapel. 

I quite appreciate that if a college is founded on a 
particular architectural tradition or period it may be 
difficult to persuade the Board of Governors or the 
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graduate organizations to depart from it. It would, 
however, be just as inconsistent to require the faculty 
to teach modern chemistry from the textbooks and 
equipment in use a hundred years ago as to require the 
architect to design a modern laboratory or any college 
building within the limitations imposed by an archi- 
tectural style developed when modern chemistry was 
unknown or even undreamed of. 

At two colleges visited on our inspection visits the 
directors prefaced our trip through their newest labor- 
atory with the remark, ‘‘The spacing and arrangement 
of equipment and the location and size of windows are 
not what we wanted, but the architect told us that the 
style of architecture chosen for the building would not 
permit anything else.” 

We Americans are an inconsisterit race. We require 
the architect to design “period exteriors” and in almost 
the same breath demand modern interiors. You may 
be assured that no matter what may be imposed on you 
by the traditions of your college the interiors may be as 
modern as the subjects you teach. Interior partitions 
and ceilings are available which permit the utmost 
flexibility. Sizes and arrangement of spaces may be 
quickly changed to suit changing needs, and by careful 
planning services may be installed so that they may be 
readily adapted to suit new arrangements or conditions. 


MECHANICAL EQUIPMENT 


State and local laws invariably fix minimums in re- 
gard to plumbing and ventilation, and climatic con- 
ditions govern heating. Laboratory requirements will 
add to these minimums. Your budget will determine 
to what extent these minimums may be increased and 
extended. 

Prior to the war college laboratories were usually 
vacant during summer months and consequently 
comfort conditioning was not considered. Even if 
accelerated courses continue and the college laboratory 
becomes a year-round work shop it is doubtful whether 
colleges will be able to finance the initial installation 
and the operating cost of comfort conditioning. 

Careful consideration, however, should be given to 
every phase of the mechanical and electrical equipment. 
Ventilation systems are being designed and installed so 
that they may, at some future date, be expanded with- 
out scrapping the initial installation. 

The last 20 years have witnessed many changes in 
lighting methods and systems. Intensities considered 
satisfactory a few years ago have more than trebled and 
the end is not yet is sight. Other electrical require- 
ments are consequently increasing and all too frequently 
service lines in a few years are found to be altogether 
inadequate. I do not recommend that greatly over- 
sized feeders, switchboards, panels, conduit and general 
wiring be installed against a future unknown demand, 
but I do recommend that some leeway be provided and 
in addition that the systems be designed and installed 
so as to permit increasing capacities by expanding the 
original installation. 





a a ae a a nee 


nitr: 








l- 


ll 


rT 


on 8 


l- 


1e 








‘JULY, 1947 


LABORATORY EQUIPMENT 


A glance through the catalogs of laboratory equip- 
ment manufacturers, or better still a trip through their 
plants, will disclose that many advances have been 
made in design, construction, and finish. You will 
still find in many catalogs illustrations of laboratory 
equipment in vogue two or three decades ago. This 
relapse or throw-back is due to the demand on the part 
of those who purchase equipment that existing equip- 
ment be matched. You will, I am sure, agree chat while 
such a policy may produce the appearance of uniformity 
it does not make for progress. Colleges and univer- 
sities are the chief offenders. It is not tolerated in 
industrial laboratories. It may be necessary for a time 
to continue to use old equipment, ‘but all new equip- 
ment purchased is modern no matter how shabby and 
outmoded old equipment may appear in contrast. 
Colleges and universities might very well profit from 
the industrialists’ approach. 

There is one aspect of equipment design on which I 
would like to comment—color of finishes. Dark 
materials and finishes may stand up better under use 
but they do not contribute to cheerful living nor help 
solve lighting problems. Directors of industrial re- 
search laboratories are very conscious of this, and today 
you will find that lighting consultants are called in to 
assist in the choice of colors for equipment finishes as 
well as walls, ceilings, and floors. 





BUDGET 


After much consideration I decided to comment on 
“budget”’ at the end rather than at the beginning of this 
discussion, because in the final analysis both the ar- 
chitect and the building committee must recognize 
budget limitations. It is not unusual for building com- 
mittees to approach their problem with a champagne 
appetite. It is unwise to discourage such an approach 
even though it results in a headache. Eventually one 
must come down to earth but it is quite surprising how 
many fine plans have been developed by boiling down 
an over-ambitious program. 

When the pinch comes, start the cost reducing proc- 
ess by eliminating costly and unnecessary materials 
and finishes. Today’s building construction costs will 
not permit the continuance of former extravagances. 
Nor is it necessary to continue. Space and facilities 
for teaching are essential but wasteful utilization of 
space should not be tolerated. It is suggested there- 
that every square foot of interior space be studied and 
re-studjed until ‘you are convinced that further re- 
ductions will cripple the plan. Insist that your ar- 
chitect consider every possible construction economy, 
stopping only to avoid shoddy construction. 

The same process should be followed in the selection 
of laboratory equipment. When this point has been 
reached, an accurate estimate of cost should be pre- 
pared. That estimate should be your minimum budget. 


* DETECTION OF ACETATE ION BY THE REACTION 
WITH ARSENIOUS OXIDE TO FORM CACODYL OXIDE: 


Ir nas been the experience of the authors in teaching 
qualitative analysis that the tests usually given for the 
detection of acetate ion are unsatisfactory. Detection 
by the formation of cacodyl oxide, easily recognized by 
its characteristic odor, although not a new reaction, is 
mentioned only in an occasional qualitative analysis 
laboratory manual.! 

The following procedure for detection of acetate ion 
has been developed and successfully used by the authors. 

To a few mg. of solid or the solid residue left from the 
evaporation of a few ml. of solution, approximately 1 
mg. of solid arsenious oxide is added. Upon gentle heat- 
ing, the presence of acetate is indicated by the forma- 
tion of cacodyl oxide which is easily detected by its 
characteristic disagreeable odor. The reaction for the 
formation of the cacody] oxide is 


As2O3 + 4KC:2H;02 bara at 
(CH;)2As—O—As(CH3)2 + 2CO2 + 2K2CO; 


. t 
Six anions—tartrate, sulfide, thiocyanate, chlorate, 
nitrate, and nitrite—interfere with the test due to the 
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formation of decomposition products or to reaction with 
the As.O3;. The treatment of interfering ions would de- 
pend on which of these were suspected. The tartrate 
ion can be removed from the unknown by the addition 
of calcium or barium hydroxide solution until precipita- 
tion ceases, then filtering. Likewise, the sulfide and 
thiocyanate ions can be removed by the addition of 
mercuric chloride. If chlorate, nitrate, or nitrite are sus- 
pected, they can be eliminated by adding several mg. of 
Zn dust and several ml. of concentrated HCl to a few 
ml. of the unknown solution. This is boiled for several 
minutes, cooled, and neutralized with dilute NaOH 
solution. The precipitate is removed and thé filtrate 
treated as above in testing for the acetate ion. 

Students should be warned to smell the cacodyl oxide 
fumes cautiously since they are poisonous as well as un- 
pleasant. Under ordinary conditions this arsenious test 
is sensitive to about 0.1 mg. of the acetate ion. 





1 McAtpine, R. K., anv B. A. Souxs, ‘‘Prescott and Johnson’s 
Qualitative Chemical Analysis,” D. Van Nostrand Company, Inc., 
New York, 1933, p. 451. 








High-School Chemistry 


e STUDENT ASSISTANTS IN THE 
HIGH-SCHOOL LABORATORY 


Tue secinine teacher of high-school chemistry soon 
realizes that there are more details in operating the 
laboratory than one person can handle well. Faced 
with this fact, I called on students to help. This in- 
volved much explaining before each task and checking 
up later. In many.cases it would have been easiér to do 
it alone. 

The next step was the selection of two students from 
each of the five classes. They were chosen from those 
who had time and a desire to help and who were recom- 
mended as capable and dependable. These students 
were assigned to work in the storeroom when their class 
had a laboratory period, issuing equipment and special 
supplies as needed. The preparation table there per- 
mitted them to do most of the experiments as scheduled. 
Each of the five pairs also selected one afternoon in the 
week to stay after school to help in the laboratory and 
with some clerical tasks, and also to complete the ex- 
perimental work. It was then possible fot the instruc- 
tor to call a meeting of these ten students and to go over 
with them in a few minutes the dutieg which formerly 
took a long time to discuss with them individually. 

A list of daily tasks was posted. It included sweeping 
the storerooms, cleaning sinks, checking water and gas 
outlets, straightening and filling reagent bottles, clean- 
ing soiled equipment, helping set up demonstration ap- 
paratus for the next day, straightening chairs, pulling 
window shades, recording test scores, etc. Since most of 
these tasks were repeated daily, the students soon re- 
membered what to do and the instructor was relieved of 
much detail. After 15 years this plan is still in opera- 
tion. 

As books were acquired and needed attention, a girl 
librarian was appointed. She kept the shelves in order, 
repaired books, and once daily went over the check-out 
cards, posting the names of those having books overdue. 
Another group of details was thus taken from the in- 
structor. 

The students have enjoyed doing this work; they 
have done it well. They have been allowed extra credit 
points for it which has helped make it attractive, al- 
though most would have done it without credit. 

After this plan had operated for several years, the 
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chemistry enrollment shifted from mainly seniors to 
juniors. Several former assistants expressed regrets 
that they could not take chemistry and help in the labo- 
ratory. Their remarks suggested an additional help 
plan. 

Five to seven students, who have ranked well in chem- 
istry the preceding year and who preferably have been 
assistants, are chosen as senior chemistry assistants. 
From among these, at least one assistant who knows the 
laboratory routine is available in each hour. 

Their duties are divided into two groups. When regu- 
lar laboratory classes are in session, they help check ap- 
paratus set-ups, observe students at work, make sugges- 
tions to prevent dangerous procedures, sign workbooks 
where approval of certain experiments and weighings 
are required, see that students leave desk, sink, and 
floor clean at the end of the hour, check keyboards, etc. 

During the regular class discussion periods, these 
senior assistants work on elementary qualitative analy- 
sis. They have used J. O. Frank’s “Qualitative Analy- 
sis” with success, following it with very little help. 
They have time during the year to run a known and an 
unknown on each of the five groups and one or two gen- 
eral unknowns over all five groups. Occasionally one or 
more has time to work on negative radicals or even on 
the use of the analytical balance. For this work they 
receive a year’s school credit. But no one serves as an 
assistant if it prevents his taking physics. 

This plan permits the instructor more time to deal 
with students individually, to note their laboratory pro- 
cedures, and to'check experiment reports as they work. 
After-school laboratory make-up is supervised satis- 
factorily by pupil assistants while the instructor de- 
votes his time to helping students with problems and 
supervising make-up tests. Those students who are 
assistants learn more chemistry and have an opportu- 
nity to develop initiative and leadership. Personal con- 
tacts between students and teacher are such that friend- 
liness is increased. The success of this student assistant 
plan is partly responsible, no doubt, for the steady 
growth of our department, for a more wholesome atti- 
tude among its students, and for its adoption by several 
other teachers in the school. 
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@ Synthetic Fat 


Straw, oat hulls, and whey were used in a German 
laboratory to produce fats by a microbiological process 
described in a British report. 

The fat-producing mold, Oidium lactis, was grown in 
several different mediums. One was composed of 
waste whey from cheese factories, treated with sulfuric 
acid and mixed with a small amount of ammonium 
phosphate. In another process, straw or oat hulls were 
hydrolyzed with dilute sulfuric acid and treated with 
sodium hydroxide, phosphate, and nutrient salts to 
produce a culture medium. A theoretical yield of five 
tons of fat and ten tons of high protein feed from 100 
tons of crude straw was calculated on the basis of pilot- 
plant operations. The investigators believed that this 
fat might be edible if purified of the unpleasant smelling 
solvents used in manufacture. 

Wood sugar produced by the Bergius and Scholler 
processes provided raw material for the bacteriological 
production of protein. The yeast, Torula utilis, was 
most commonly employed in making food and feed pro- 
teins from these materials. 

Strains of Fusarium candida, Oidium lactis, Endo- 
myces, and Rhizopus were used to produce experimental 
batches of protein food from waste sulfite liquor. 
These were smoked, like bacon or sausage, and were 
said to be quite tasty. Several persons were fed up to 
60 grams of these preparations daily for over six months. 
Their general health was reported to be much better 
than the control subjects who were not fed this dietary 
supplement. . The German food ministry, however, had 
not approved these products for sale for human con- 
sumption. 


@ TNT 


Market studies on trinitrotoluene (TNT) conducted 
by the Economic and Market Research Division of 
War Assets Administration reveal a variety of possible 
uses for the 27,000,000 pounds of the explosive recently 
put on sale by WAA. 

Aside from its military use TNT has, heretofore, been 
a relatively unimportant explosive and its role as an in- 
dustrial explosive has been negligible. Before 1939 
practically all TNT produced went for military pur- 
poses. 

The characteristics of TNT, however, are such that 
for many industrial uses it is superior to the commonly 
used dynamite. TNT is safe, powerful, and easy to 
handle; it is insoluble in water and is excellent for 
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under-water demolition work. For work in the open 
where its toxic fumes are not a hazard, it can be used 


for any operation requiring a sharp blast. TNT has 
been demonstarted to be suitable for all kinds of blasting 
work where 40 per cent dynamite is used and to give 
practically equal results. It is especially well adapted 
for “mud-capping,” quarrying, and construction work. 
One of the main reasons why industry generally had 
preferred dynamite to TNT was the difference in price. 
In addition, workers’ experience and familiarity with 
dynamite had strengthened their preference for it. 


@ Foreign Research , 


OSP Bulletin No. 35 of the National Research Coun- 
cil points out that important possibilities for science 
arising from the provisions of the Fulbright Bill have 
apparently not been recognized by scientists generally 
throughout the United States. The bill provides that 
money arising from the sale of surplus property abroad 
can be utilized for exchanges of persons with foreign 
countries and “for financing studies, research, instruc- 
tion, and other educational activities” for American 
citizens abroad. The bill provides that this must, be 
done in schools and institutions of higher learning lo- 
cated in such countries, but this is apparently subject 
to broad interpretation so that research activities con- 
ducted abroad may be carried on not necessarily at the 
institutions themselves but in stations or facilities carry- 
ing their names. 

The provisions for carrying out the purposes of the 
bill leave many opportunities for the cooperation of sci- 
entific groups in assisting to secure the maximum bene- 
fits inherent in the Act for science geherally and for the 
areas where funds are available. In each country there 


' will be established a foundation composed of native 


leaders in these types of activity and of Americans ap- 
pointed by the American ambassador in the country. 
Projects will be submitted to the foundation and will 
then go to the State Department with their recom- 
mendations. There will be set up in the State Depart- 
ment panels of experts in each field of activity which 
will also consider specific projects. 

The possibilities are almost limitless in the scientific 
field. There are in the Pacific, for example, whole new 
areas for research in biology, medicine, public health, 
anthropology, plant science, earth science, ocean- 
ography, meteorology, and others. These areas are 
now of considerable interest to us and in them we have 
assumed certain responsibilities. In the European area 
the physical sciences would assume greater importance. 
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& Protective Covers 


The accompanying illustration shows a new type of 
laboratory instrument cover, made of flexible trans- 
parent plastic material by the Baker Instrument Com- 
pany (17 South Day Street, Orange, New Jersey). 
These may be had in special single lots or in stock quan- 
tities. 





@ Isotope Separation 


A new method for isotope separation has been de- 
veloped at the National Bureau of Standards in con- 
nection with work on the natural isotopes of potassium 
and chlorine. This method, known as counter-current 
electromigration, makes use of the difference in the 
ionic mobilities of the isotopes of an element and has 
been developed to a point where it can be used as a 
practical means of separating not only isotopes, but 
ionic species in general. 

The natural isotopes of certain elements may find im- 
portant application in the field of standardization. 
The 204 isotope of mercury, when used in a mercury 
are, would’ be a source of light of very constant wave 
length, which might be taken as a standard of length. 
Isotopes of silver have a bearing on the determination of 
the Faraday, while isotopes of mercury are concerned 
with the calibration of standard cells, since the char- 
acteristics of a cell may depend upon the relative pro- 
portions of various isotopes present in the cell. The 
natural isotopes of potassium and chlorine have been 
efficiently concentrated by counter-current electro- 
migration, and it is expected that further research will 
result in techniques for the concentration of the iso- 
topes of other elements, including silver and copper, by 
this method. While the concentration of the 204 iso- 
tope of mercury by a new counter-current molecular 
distillation method, also developed at the National 
Bureau of Standards, is now in progress, the electro- 
migration method might be used to concentrate this iso- 
tope. To obtain mercury 204 in pure form, these meth- 
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ods will have to be supplemented in the final step by 
a more refined method, such as the electromagnetic. 
Counter-current electromigration has also been sug- 
gested as a means of separation of like elements, such as 
the rare earths, whose chemical properties are so similar 
that an elaborate procedure involving thousands of 
fractional crystallizations has been required for sepa- 
ration. 

It had long been suspected that isotopic ions of a 


-given element in solution might differ in their migration 


velocities, the lighter isotope having a slightly faster 
rate of migration than the heavier. Lack of suitable 
techniques had prevented demonstration of the reality 
of this effect until the need of a simple, easily controlled 
method of isotope separation resulted in the counter- 
current electromigration. 

The entire process takes place ae eaeek an electrolytic 
cell containing anode, cathode, and suitable electrolyte. 
The basic principle of operation of the method rests in 
an imposed flow of electrolyte through the solution in a 


direction opposite to the migration of the ions to be’ 


separated. If the rate of flow of the electrolytic 
counter-current is made equal and opposite to the 
average rate of ion transport, then only the lighter iso- 
topic ions will make headway against the current, while 
the ions of the heavier isotope are carried in the oppo- 
site direction. 

In the separation of electrolytic ions, where ion trans- 
port can be looked upon as a small forward drift super- 
impgsed upon kinetic agitation, it is necessary to reduce 
the rate of remixing due to convection. in the electrolyte 
to a point below the rate of ion separation. Also, to 
obtain appreciable concentrations of a given isotope a 
multi-stage fractionation process must be employed. 
Both of these requirements are met by carrying on the 
electrolysis in a fine-grained packing of uniform poros- 
ity. The packing not only reduces remixing to a mini- 
mum, but acts as a fractionation column under total 
reflux. 

The process was first used in the separation of the iso- 
topes of potassium. A U-shaped electrolytic cell con- 
sisting of vertical anode and cathode compartments 
separated by a horizontal tube packed with 100-mesh 
sand was constructed, the anode compartment connect- 
ing by means of a siphon to a constant-level spillover. 
Platinum electrodes were placed so as to provide a uni- 
form potential distribution across the packing. Before 
starting the run, the cell is filled with an electrolyte, 
such as K,SOu,, to the desired level as determined by the 
height of the spillover. When the current is turned on, 
K+ ions migrate toward the cathode compartment 
while SO,-~ ions migrate to the anode. An electrolyte 
stream flow is induced in the cathode-to-anode direction 
by slowly adding more liquid to both cathode and anode 
compartments, the excess being automatically siphoned 
off at the anode. In practice a solution of H»SQ, is 
added to the cathode compartment and KOH to the 
anode compartment., These are known as restituent 
liquids, since they act to restore the original chemical 
composition of the electrolyte in the cell. - It was dis- 
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covered that when the concentrations and rates of 
addition of both restituent solutions are such that the 
concentration and pH of the electrolyte throughout the 
cell remain constant during the run, the flow of electro- 
lyte through the packing is just equal to the average 
rate of progress of potassium ions toward the cathode. 
The net transport of potassium ion is thus reduced to 
zero as the lighter K* ions make headway against the 
electrolytic stream while the heavier: K*! ions are 
washed back. The packing thus behaves as a frac- 
tionating column under total reflux and K*® is concen- 
trated in the cathode compartment. Since the anode 
compartment is constantly being supplied with KOH, 
the K*® concentration remains at its normal value. As 
a result, this compartment serves as a constant supply 
reservoir. The point balance between ion migration 
and stream flow is confined to the uniform porous pack- 
ing separating the cathode and anode compartments. 
In the work on concentration of the light potassium iso- 
tope, the ratio K**/K* was increased from 14.2 in ordi- 
nary potassium to 24 in the concentrate in 449 hours. 
An extension of this procedure has been found practical 
for the simultaneous concentration of both K® and K*! 
in cathode and anode compartments, respectively, and 
is expected to prove useful for further isotopic concen- 
tration of small amounts of enriched potassium salts. 


8 Japanese Oil Supply 


Shortages of raw petroleum forced the Japanese to 
manufacture fuels and lubricants from pine root oil, 
vegetable oils, sweet potato alcohol, and other non- 
petroleum sources during the last year of the war, ac- 
cording to a survey made by the U. 8S. Navy Technical 
Mission in Japan. 

Prior to Pearl Harbor, Japan had accumulated a 
stockpile of about 60,000,000 barrels of crude oil and 
refined products, the investigators found. Japanese 
crude, oil refining capacity in 1941 was estimated at 
approximately 35,000,000 barrels a year; wartime re- 
quirements were about 30,000,000 barrels a year. 

Although the Japanese had initiated a “Seven Year 
Synthetic Oil Plan” shortly before the war, their maxi- 
mum rate of synthetic oil production never exceeded 
114,000 tons annually, a figure far below that originally 
planned. ; 

American success in destroying Japan’s supply routes 
to the East Indies prompted Japanese researchers to 
intensify efforts to produce fuels and lubricants from 
substitute sources: pine root oil, soya bean oil, rubber, 
sweet: potato alcohol, camphor, orange peel, birch bark, 
and pine needles. A program for the installation of 
36,000 pine root oil retorts to produce 2,500,000 barrels 
of oil annually was well underway at the end of the war. 

Although Japanese refining methods and synthetic 
oil technology followed American and foreign practices 
before the war, Japanese scientists showed initiative in 
modifying their techniques to meet changed wartime 
conditions. Lavish expenditures for materials and re- 
search personnel were made to the very last day of the 
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war. ‘The investigators believe it is a fallacy to under- 
estimate the research ability of Japanese scientists. 
They conclude that Japanese progress has been ‘“‘con- 
spicuous and that within the next few decades Japan 
may well become one of the foremost technical nations 
in the world.” 


2 Oxygen Indicator 


A light-weight instrument for measuring and indi- 
cating the partial pressure of oxygen in a mixture of 
gases was developed in a wartime project under the 
direction of Dr. Linus Pauling for the National Defense 
Research Committee under contract with the California 
Institute of Technology. 

The instrument, which was developed for the U. 8. 
Navy as a measuring device for aviation oxygen-breath- 
ing equipment, provides analyses accurate to within 
plus or minus one per cent. It may be adapted for 
various oxygen-measuring applications. Uses sug- 
gested include the measurement of the oxygen concen- 
tration of air in submarines and other confined spaces, 
control of the composition of explosive gas mixtures in 
explosive factory solvent recovery systems, and simpli- 
fied oxygen analyses in physiological research. 

To determine the oxygen content of a gas mixture, the 
instrument utilizes the magnetic susceptibility of oxy- 
gen which is several hundred times greater than that of 
any other common gas. A cylindrical chamber is used 
to contain the gas to be tested. A small permanent 
magnet in the chamber creates an inhomogeneous mag- 
netic field. 

In order to indicate the magnetic susceptibility of an 
unknown gas, two small hollow glass spheres connected 
by a glass tube and mounted on a quartz fiber are sus- 
pended horizontally in the chamber. The spheres are 
filled with air or nitrogen at a pressure of one atmos- 
phere. Rotation of the spheres about the fiber meas- 
ures the magnetic susceptibility of the gas and hence 
the partial pressure of oxygen in the gas. A scale indi- 
cates the degree of rotation. 

The instrument can measure as little as a few cubic 
centimeters of gas or can be used to indicate continually, 
with a lag of only a second or two, the partial pressure 
of oxygen in a stream of gas. 


e Chemical Radar 


It would appear to be a far call from radar to chemical 
analysis, but it seems that when microwaves are trans- 
mitted through vapors, certain frequencies are absorbed 
by molecules which vibrate to the same wave lengths. 
A sort of “radar absorption speetrum”’ can be observed 
on an oscilloscope, by means of which substances can be 
identified. Furthermore, ‘emission spectra” in the 
same frequency range are possible. Under conditions 


of rapid rotation in a strong magnetic field, high radio 
frequencies are set up in atomic nuclei which can some- 
times be picked up by receivers and their sources thus 
identified. 











Pop-Bottle Winter: Uncapping a Bottle of Pop Inside a Supercooled 
Cloud Produces a Snowstorm, Dr. Vonnegut Demonstrates. Sudden 
Expansion of Gas in the Neck of the Bottle Causes a Drop in Tempera- 


ture Resulting in Formation of Millions of Ice Nuclei. Growing at the 


Expense of the Cloud, the Nuclei Mature into Snow. 
e Snow 


According to Dr. Bernard Vonnegut of the General 
Electric Research Laboratory, supercooled water drop- 
lets in a cold-chamber cloud can be transformed to snow 
simply by uncapping a bottle of “pop,” bursting a toy 
ballon, or shooting off a pop- 
gun inthe cloud. Inasimi- 
lar experiment out-of-doors, 
he has been. able to change 
supercooled fog in his back 
yard by firing a popgun. 

Although seemingly un- 
scientific, the new methods 
for producing man-made 
snow each employ the same 
fundamental principle that 
sudden expansion of air will 
cause a severe drop in tem- 
perature of the air expanded. 
In each case, the tempera- 
ture drops low enough to 
produce spontaneously mil- 
lions of ice nuclei. If these 
nuclei, as they are created, 
are dispersed into a super- 
cooled cloud or acloud whose ; 
water droplets are liquid even though below freezing 
in temperature, the ice nuclei will grow at the expense 
of the water droplets and snow will result. The sudden 
drop in temperature of the expanded air, taking place 
in approximately 1/1000th of a second, must go down 
to at least’ —31°F., according to Dr. Vannegut. 

A ballon about the size of a BB shot produced ap- 
proximately 100,000,000 nuclei when burst into a 
supercooled cloud, it was estimated. Experiments with 
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a bottle of “pop,” in which the air in the neck of the 
bottle was expanded by removing the cap, furnished 
an answer to the common mystery of why a bottle of 
liquid, kept in a refrigerator a considerable time, some- 
times doesn’t freeze until opened. The liquid in the 
bottle becomes supercooled in these instances, and when 
the bottle is opened, the sudden temperature drop 
caused by expansion of air in the neck makes ice nuclei 
form. The nuclei cause the liquid to change to ice. 

Dr. Vonnegut said that an automobile tire blowout 
or the unhooking of couplings on a railroad car might 
produce snow artifically if atmospheric conditions were 
right. If a tire blew out or a coupling were unhooked 
in a condition of supercooled fog, the sudden momen- 
tary drop in temperature caused by air expansion would 
produce ice nuclei, which in turn would seed the super- 
cooled fog and create snow crystals. 


¢ “Discovery’’ in Spanish 


We are happy to announce the early appearance of a 
Spanish edition of the “‘Discovery of the Elements” by 
Mary Elvira Weeks. The “Discovery,” now in its 
fifth English edition, will thus be more widely available 
to readers in the Spanish-speaking countries. The new 
edition, translated by Sr. Antonio Sanroma, will be 
published by Manuel Marin of. Barcelona. The 
Spanish foreword is written by Dr. Emilio Jimeno, 
Professor of Inorganic Chemistry, University of Madrid 












Popgun Snow: Dr. Bernard 
Vonnegut, Scientist of the Gen- 
eral Electric Research Labora- 
tory, Discovers a Practical Use 
for Junior’s Popgun. 

Balloon Blizzard: A Tiny Bal- 
loon Produces a Veritable Bliz- 
zard Inside a Cold Chamber. 
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NINTH SUMMER CONFERENCE 
Wellesley College, August 18-23, 1947 


The N.E.A.C.T. extends a cordial invitation to teachers of 
science and to others interested in scientific pursuits to attend the 
Conference. The charm of a vacation setting, the list of expert 
speakers, the discussions, the trips, and the recreational activi- 
ties should make a refreshing combination. 

Golf, tennis, canoeing, and swimming may be enjoyed on the 
campus by all who make arrangements with the Conference 
Registrar. Trips to nearby industrial plants and a picnic supper 
will occupy two midweek afternoons. The commodious lounge 
of Munger or of Pomeroy will be used for social hours following 
the evening sessions. 

A symposium on ‘‘The Development of Atomic Structure” is 
designed to review significant changes in concepts of the structure 
of the atom over the last 60 years, to re-explore familiar ground, 
and to develop a fuller understanding of present-day concepts. 
Another symposium, a sequence of ‘Selected Topics from Intro- 
ductory Chemistry,” aims to bring the newer and: more basic 
knowledge and progressive teaching techniques into the develop- 
ment of these topics. This symposium will be of greatest benefit 
to the secondary-school teacher. 

One laboratory is being reserved in Pendleton Hall for a far- 
reaching collection of exhibits. A few of the types represented 
are books, apparatus, steel, abrasives, communications. Welles- 
ley’s noted mineral and fossil displays are to be on exhibit part of 
the week. Excellent science films, some of them very new, will 
be shown at the start of each session. 


PROGRAM 


Monpay EVENING, 7:30 
Motion picture 
‘Address of Welcome’’—Dean Lucy Wilson, Wellesley College, 
“Science fights in the front lines’ —Charles E. Waring, Uni- 
versity of Connecticut 
Social hour—Each evening after the lecture 
TurEspay Morning, 9: 00 
Symposium I: “The Development of Atomic Structure” — 
Chairman, Alfred S. Brown, Colgate University 
‘“‘New chemical processes of interest to chemistry teachers’’— 
Emil R. Riegel, University of Buffalo 
TuESDAY AFTERNOON, 2:00 
Symposium I—continued 
“The college board examinations’—William W. Turnbull, 
College Entrance Examination Board 


‘ Turspay EvENInNG, 7:30 


Motion picture 
“European problems’”—Samuel Van Valkenburg, Clark Uni- 
versity 
WEDNESDAY Morning, 9:00 
Symposium I—continued 
Symposium II: ‘Selected Topics from Introductory Chem- 
istry’ —Chairman, Hubert N. Alyea, Princeton University 
“Metal Hydrides’ —A Representative of Metal Hydrides 
WepNEsDAY AFTERNOON 
Picnic . 
WEDNESDAY EVENING, 7:30 
Motion Picture 
“Minerals, fun, and profit’”—John B. Lucke, University of 
Connecticut 
Tuurspay Mornina, 9:00 
Symposium II—continued 
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“The role of chemistry in the treatment of modern textile 
fibers and fabrics’—D. H. Powers, Monsanto Chemical 
Company 

“Drench and fire control’ —Mr. Parker, Arnold, Hoffman and 
Company 

TuHurRspay AFTERNOON 

Trips to industrial plants 

TuurspDay EvENInG, 7:30 

Motion picture . 

“Crystal structure’ —Charles Stillwell, Dennison Manufactur- 
ing Company 

Fripay Morning, 9:00 

“Fluorine and tooth decay’’—Joseph F. Volker, Tufts College 
Déntal School 

Symposium II—continued 

Fripay AFTERNOON, 2:00 

“Acetyl derivatives of 3,5-dichlorosulfanilamide—Margaret E. 
Seikel, Wellesley College 

“The commercial production of fluorine and its new uses’— 
John T. Pinkston, Harshaw Chemical Company 

Fripay Evenine, 7:30 

Motion picture 

“Flight over Bikini’—Royal M. Frye, Boston University 
Sarurpay Morning, 9:00 

Symposium II—continued ; 

“Recent developments in powder metallurgy’—Alden M. 
Burghardt, Watertown Arsenal 

“Glass for Science,’’ Motion Picture—A representative of the 
Corning Glass Works 


Information concerning registration and accommodations can 
be obtained from the Registrar of the Summer Conference Com- 
mittee: Pearle R. Putnam, Dean Academy and Junior College, 
Franklin, Massachusetts. 

The Ninth Summer Conference Committee consists of Paul F. 
Stockwell, Chairman; Millard W. Bosworth, Secretary; Pearle R. 
Putnam, Treasurer and Registrar; Otis E. Alley, Lawrence H. 
Amundsen, Raymond R.. Andrews, Constance M. Bartholomew, 
John P. Brennan, Helen W. Crawley, Edna M. Fielding, Helen S. 
French, Ina M. Granara, George D. Hearn, Helen G. Hirst, 
Elizabeth S. Hollister, Helen T. Jones, Rev. Raymond G. La- 
‘Fontaine, Robert F. Lyons, Russell Meinhold, John K. Rouleau, 
John R. Suydam, Carl P. Swinnerton, and Elbert C. Weaver. 


' 


e) New Members 


Dorothy E. Bliss, Milton Academy, Boston, Massachusetts 

Quinton P. Cole, Fort Trumbull Branch, University of Connecti- 
cut, New London, Connecticut 

Marie Burnett Damery, Somerville High School, W. Somerville, 
Massachusetts 

Albert W. Diniak, Portsmouth Senior High School, Portsmouth, 
New Hampshire 

Mary H. Gosline, Penn Hall Junior College and Preparatory 
School, Chambersburg, Pennsylvania 

David Dee Kiley, Worcester North High School, Worcester, 
Massachusetts 

Albert E. Navez, Milton Academy, Milton, Massachusetts 

Gerald A. Rose, Brunswick High School, Brunswick, Maine 

Donald F. Smith, University of Vermont, Burlington, Vermont 

Fletcher G. Watson, Harvard University, Cambridge, Massa- 
chusetts 

Theodora N. Whittaker, 15 Highland Ave., Shelton, Connecticut 





e Officers for 1946-47 


Eldin V. Lynn, President, Massachusetts College of Pharmacy, 
Boston 15; Dorothy W. Gifford, Secretary, Lincoln School, Provi- 
dence 6, Rhode Island; Lawrence H. Amundsen, Editor of 


Report, University of Connecticut, Storrs; Millard W. Bosworth, 
Immediate Past President; John R. Suydam, Vice-President; 
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Carroll B. Gustafson, Treasurer; Leallyn B. Clapp, Southern 
Division Chairman; Helen Crawley, Central Division Chairman; 
Jean V. Johnston, Western Division Chairman; Lester F. Weeks, 
Northern Division Chairman; Ralph E. Keirstead, Curator; 
Elbert C. Weaver, Chairman Endowment Fund; S. Walter 
Hoyt, Auditor. 


Reeent-Booke 


@ FIRST-YEAR QUALITATIVE ANALYSIS 


Carl J. Likes, Professor of Chemistry, Hampden-Sydney College, 
and Aubrey E. Harvey, Jr., Instructor in Chemistry, Virginia 
Military Institute. Thomas Y. Crowell Company, New York, 
1947. xii + 134 pages. 5 figs. 17 tables. 14 X 21 cm. 


$1.25. 


TuIs BOOK is designed to serve as laboratory manual for an ele- 
mentary course in qualitative analysis for the cations (Agt, 
Hg.t+), (Pbt+, Hgt*, Cutt; Asttt, Sbtt+, Snt+*), (ettt, 
Alt++, Cr+++), (Nit+, Mn++, Znt*), (Batt, Catt), (Mgtt, 
K+), and the anions (CO;", S=, OAc), (SO.-, PO,*), 
(C1-, Br-, I~), (NO;~). These are arranged into analytical 
groups as shown above, although the anions are not found by 
group separations as are the cations. The system is organized for 
macro work with an unknown sample of 20 ml., and the operations 
are carried on for the most part in 30- or 50-ml. beakers. Suction 
filtration is suggested in order to hasten group separations. 

Each chapter covers the methods of analysis used in one group 
and is organized into (1) discussion of the theory of the equilbria 
involved in the group separation with illustrative calculations, 
(2) experiments on solutions of the individual ions, (3) experi- 
ments on the group separation of a “known,” (4) experimenits on 
identifying the individual ions in the separated group, (5) analysis 
of an “unknown,” and (6) questions over the theory and calcula- 
tions on the separations performed. The manual is not of the 
“question and blank space type’”’ but requires the use of a sepa- 
rate notebook for recording data. 

The general organization and discussion are good and suffi- 
ciently thorough, to allow a second-semester student to compre- 
hend the applications of chemical-equilibrium theory involved. 
Many equations are written in both the molecular and ionic form, 
some applications of activity theory, generalized acid-base theory, 
and other modern developments are illustrated, and clear con- 
ventions in equation writing are used to designate insoluble 
solids and gases. é : 

The features that this reviewer would most like to change are 
(1) the poor binding, (2) the definition of the solubility product 
in terms of the solubility, without regard to hydrolysis effects 
(i. e., for a one to one electrolyte the solubility product is defined 
as the square of the solubility), (3) the use of the term gram-ion 
per liter, rather than molarity of an ion, and its abbreviation M, 
(4) the use of the Mendeleeff form of the periodic table in an 
attempt to show the location of the amphoteric elements, and (5) 
the use of the formula NH,OH after stating that the best available 
evidence indicates that such molecules do not exist. 

Those schools interested in operating a laboratory scheme in- 
volving the use of as large a quantity as 20 ml. of unknown should 
by all means examine this book, but we feel that the swing toward 
smaller and smaller samples in the semimicro range will greatly 


limit its use. 


J. A. CAMPBELL 


OBERLIN COLLEGE 
OBERLIN, OntI0 


& RARER METALS 


Jack De Ment, Research Chemist, Fluorescence Laboratories, and 
H. C. Dake, Editor, The Mineralogist. Chemical Publishing 
Company, Inc., Brooklyn, N. Y., 1946. xiv + 392pages. 38 figs: 
44tables. 14 X 22cm. $7.50. 


THE AuTHORS of ‘this volume have sought to bring together 
basic data on 20 of the less familiar elements, exluding those of the 
rare-earth family. Emphasis is placed upon applications, but 
occurrence, physical and chemical properties, important com- 
pounds, and analytical methods are also discussed. 

It is an unpleasant and difficult task to write a review of a poor 
book. One is tempted to show the authors’ purpose by quoting 
freely from the preface and to make a few general remarks on the 
usefulness of the material presented. To follow such a course, 
however, is unfair to those who read the review and who depend 
upon the reviewer for advice as to whether to purchase the book 
(at an exorbitant price). For them, it must be said that this is 
a badly written book. Many of the statements in it are inaccu- 
ate, misleading, or incorrect. The sentence structure is poor, and 
in some cases, ungrammatical. It is carelessly written by authors 
who display little knowledge of the subjects discussed. 

A few quotations may be cited to justify this harsh criticism: 

“Germanium tetrachloride also shows stability toward various 
reducing agents and easily reduces tetravalent tin to the divalent 
state” (page 65). ; 

“Tt is also interesting that of the rarer elements in the silicon 
family all but one consist of five different isotopes, the exception 
being thorium, which has only one. ‘Fhis can be explained by the 
fact that thorium is the only one having an odd atomic number” 
(page 59, repeated in part on page 112). 

“The original Crookes method for extracting metallic thallium 
or thallium compounds is still in use today with certain modifica- 
tions. According to the directions given by him, the flue dust 
containing thallium is mixed in porcelain or wood vats with an 
equal weight of boiling water, and after a thorough stirring, the 
nitrogen dioxide is allowed to pass off. This gas results from the 
use of nitric acid in the chamber process of making sulfuric acid”’ 
(pages 44 and 45). ° 

“When an aqueous solution of germanic oxide is treated with a 
mixture of potassium iodide and potassium iodate, at the end of 
three hours, 1 gram-atom of iodine is formed for each gram-atom 
of germanium” (page 69). 

“Another qualitative determination of gallium is based on the 
fact that metallic zinc readily removes 0.16 mg: of gallium from a 
liter of solution, even in the presence of many foreign substances”’ 
(page 28). . 

“Ruthenium dioxide is amphoteric and in its lower valence 
states forms metallic salts” (page 334). 

“Freshly prepared uranium emits alpha particles’ (page 220). 


JOHN C. BAILAR, JR. 


UNIVERSITY OF ILLINOIS 
Ursana, ILLINOIS 
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e ORGANIC CHEMISTRY 


Paul Karrer, University of Zurich. Second English edition, 
translated by A. J. Mee, Glasgow Academy, England, with as- 
sistance on recent additions and revisions. by M. F. Darken, 
Westfield, N. J. Elsevier Publishing Company, Inc., New York, 
1946. xxi+953pp. 16 X 24cm. $7.50. 


THE APPEARANCE Of a revised and enlarged English edition of 
Professor Karrer’s splendid work will be cordially welcomed, 
especially since the substantial cut in price (but not in typo- 
graphic quality) brings the volume down to normal cost for such 
a publication. It may well be conceded, after all, that Zurich 
has been the world capital of organic chemistry for a number of 
years. The present volume, therefore, takes place as a fitting 
official publication of that capital. 

Instructors have long desired a single volume on organic chem- 
istry, perhaps of the order of a thousand pages, which they might 
recommend to superior students as a reference book. All points 
considered, Karrer’s work probably comes nearest to this-require- 
ment of any available book in English. It is particularly valu- 
able in the field of naturally occurring organic compounds, in 
which Karrer is a master. It is primarily a university textbook 
(as indicated by Karrer in the title of his German edition) includ- 
ing extensive proofs of structure valuable to teacher and student 
but not so essential to the user of a reference book. It is not 
a “little Beilstein.”’” In general it represents the classical organic 
chemistry of central Europe rather than modern western industry 
or physical-organic chemistry, although the new edition does have 
a few additions in these latter fields. It is thus not ideal for the 
reference purpose cited above, but no ideal has yet been written. 

Although the publishers claim only that the new translation is 
“based on the eighth German edition,’’ it seems to agree with the 
ninth German edition, which in turn is apparently the last issued 
by Georg Thieme (Leipzig) before the allied armies moved in. 
Revisions are largely insertions and modernized expanded versions 
of certain blocks of the text—that is, the book has by no means 
been completely rewritten since the original English edition. 
Readers interested in further details will find the comments of 
past reviewers still closely applicable: Roger Apams, Ind. Eng. 
Chem., News Ed., 17, 215 (1939) and L. F. Fresrr, J. Am. Chem. 
Soc., 61, 756 (1939). 

Blemishes, either in content or typography, are hard to find. 
It is probably too much to expect nomenclature reform in the 
German language, notorious for misleading chemical terms. In 
the next English edition, however, it is hoped that the translator 
will eliminate such misnomers as ‘tertiary isobutyl alcohol,” 
“secondary normal butyl! alcohol,” and the obsolete “pinacone” 
and “‘pinacoline.” These items are of course mere trifles, and in 
no way contradict the verdict that this volume is the work of a 
master in both teaching and research. 


G. ROSS ROBERTSON 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA m 


oF) A MEMOIR TO THE ACADEMY OF SCIENCES AT 
PARIS ON A NEW USE OF SULPHURIC ETHER 


W. T. G. Morton. Forward bydohn F. Fulton. Henry Schu- 
man, New York, 1946. vi + 24 pp. 15.5 X 23.5 cm. 


With so few copies available of W. T. G. Morton’s memoir on 
sulphuric ether, it is gratifying to know that it has been reprinted 
separately. A foreword by Jobn F. Fulton, M.D., states that it 
was first ‘issued in English in Littell’s Living Age on March 18, 
1848, as an appendix to an authorized history of the ether dis- 
covery compiled by the trustees of the Massachusetts General 
Hospital.”” The memoir presents Morton’s claims to the dis- 
covery in relation to those of bis opponents and reveals the trials 
attending the introduction of painless surgery. 


SISTER VIRGINIA HEINES 
NAZARETH COLLEGE 
NAZARETH, KENTUCKY 
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@ . THE CENTENNIAL OF SURGICAL ANESTHESIA 


John F. Fulton and Madeline E. Stanton, compilers. Henry 
Schuman, New York, 1946. xv +102 pp. 9 figs. 15.5 x 23 
cm. $4.00. 


Another contribution made by John F. Fulton, in collaboration 
with Madeline E. Stanton, is an annotated catalog of the early 
literature on surgical anesthesia. The classification was made in 
preparation for the ether centennial held at the Yale School of 
Medicine in October, 1946, and covers a collection of the early 
writings on anesthesia. This catalog, as well as Part II (now in 
compilation) dealing with modern anesthetics, will be a valuable 
guide to the numerous books and pamphlets that have been writ- 
ten on the history of anesthesia. f 

The suggestion to librarians to cull anesthesia material from 
uncataloged nineteenth-century tracts before it is lost is well 
taken. The reviewer, when reading through the voluminous 
literature on the ether controversy at “the New York Public 
Library las{ year, came across several letters written in long hand 
loosely attached to an old pamphlet appealing for funds for Doc- 
tor Morton. Theseletters were those of some of the famous sur- 
geons of the day. 

SISTER VIRGINIA HEINES 
NAZARETH COLLEGE 
NAZARETH, KENTUCKY 


* AUDIO-VISUAL METHODS IN TEACHING 


Edgar Dale. Dryden Press, Inc., New York, 1946. xviii + 546 
pp. 200 figs. 16.5 X 23.5 cm. $4.25. 


In THE last ten years there has been a growing production of 
books and pamphlets on visual and other aids to instruction. In 
the past three or four years the prefix audio- has been appearing 
in the t§tles of publications tendering such teaching service. 

In the volume under review the author emphasizes his ‘‘theme 
song” that audio-visual aids vitalize and render instruction more 
nearly experiential. However, he disclaims any suggestion that 
such aids should displace other methods. His injunction is 
“audio-visual materials are worth using only when they improve 
learning. . . . It is a mistake to regard visual and auditory tech- 
niques as an end in themselves.’’ His philosphy is: The chief 
purpose of schools and education in general is to promote learning. 
That learning stems basically from experience. The author clas- 
sifies experience under a number of categories of varying degrees 
of worth in achieving permanence in learning. 

At one point the remark is made, ‘‘An instructor might use 
Dewey’s Democracy in Education in a wholly undemocratic 
fashion.” It is very noticeable that ‘Audio-Visual Methods” 
definitely does not ignore visual aids in its program of presenta- 
tion. This is especially illustrated by a full-page chart, ‘‘Cone 
of experience,” in which the categories of experience are charted 
to show their varying degrees of effectiveness in the over-all aim 
of permanence of learning: 

From part one, with its emphasis upon experience as the moti- 
vater of learning, through chapters that tell how teachers are 
actually using the different sorts of audio-visual aids, to the last 
division cf part three intended for the supervisor concerned with 
the source of and intelligent use of audio-visual materials and the 
evaluation of the results, the reviewer has found this a vivid, in- 
teresting book. The author has demonstrated that even verbal 
symbols can almost be made a substitute fcr real experience. 

For those who may contemplate the use of this book for-class 
use there is an ample index to both text and illustrations. There 
are exercises for ‘“‘exploring the matter more widely” and listings 
of source materials for such exploration. By both the teacher in 
service and the one responsible for ‘‘alerting” other teachers to 
the possibilities of audio-visual methods this book should have a 
careful scanning. 

B. CLIFFORD HENDRICKS 


UnNIverRsITy oF NEBRASKA 
Lincoun, NEBRASKA 
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@ FUNDAMENTALS OF SEMI-MICRO QUALITATIVE 
ANALYSIS 


Carl J. Engelder, Professor of Analytical Chemistry, University 
of Pittsburgh. John Wiley and Sons, Inc., New York, 1947. vi + 
385 pp. 30 tables. 14 X 21.5 cm. $3.50. 


THE POINT of view characterizing this presentation is perhap® 
best expressed by the author in his preface: ‘‘The normal text- 
book of qualitative analysis follows the somewhat standard pat- 
tern: a lengthy section on equilibrium theory, the properties and 
analytical reactions of the cations and their separation and de- 
tection, a similar treatment for the anions, and a closing section 
on systematic analysis. The instruction in theory must, per- 
force, be spread over the duration of the course, whereas in fol- 
lowing the conventional order, the laboratory work plunges the 
student prematurely into all the complexities of cation groups I 
and II long before he, on the one hand, has acquired necessary 
experimental experiencé and technique and, on the other hand, 
has gained a sufficient understanding of the underlying theory.” 

To overcome these difficulties, the conventional treatment is 
modified to the extent of reversing the order of presentation of the 
cation groups before consideration of systematic analysis and of 
introducing theoretical concepts gradually and in conjunction 
with the experimental work. In this fashion a greater coordina- 
tion between the experimental and theoretical phases of instruc- 
tion is achieved, and the student is led logically from the simple 
alkali group to the more complicated groups by the inclusion of 
theoretical considerations in the order in which they are needed. 

The text is divided into three parts. In Part I the caticns of 
22 elements (and ammonium) are treated in the conventional 
pattern of characteristic properties, preliminary experiments on 
qualitative behaviors, and detection in unknowns for the various 
groups. The five conventional groups of the hydrogen sulfide 
scheme are used, a preliminary separation in Group III being 
effected through separate precipitations with ammonia and hy- 
drogen sulfide. Many confirmatory tests employing organic 
reagents are listed, hut in general preliminary separations and 
identifications are effected by strict inorganic reactions. Solu- 
tion theory is presented with the alkali metal group, chemical 
equilibria and precipitation theory with the alkaline earth group, 
oxidation-reduction, amphoterism, and complex ion formation 
with Group III, and ionization equilibria and buffer action with 
Groups I and II. Well-chosen problem sets are included in each 
chapter. 

In Part II a similar presentation of 25 of the more common 
anions is given. The anions are grouped according to a modifica- 
tion of the scheme of Dobbins and Ljung [Tuts JourNAL, 12, 586 
(1935)] on the basis of successive precipitations from alkaline 
solution with calcium, barium, zinc, and silver nitrates. A fifth 
soluble group complefes the arrangement. Anions within each 
group are systematically identified by standard procedures. pH, 
neutralization, hydrolysis, and the electrochemical theory of oxi- 
dation are discussed in conjunction with the material on anions. 
Supplementary problems and review exercises. are likewise 
included. 

Detailed instructions for the systematic detection of both ca- 
tions and anions are given in Part III. Preliminary examination, 
anion analysis, cation analysis, and examination of acid-insoluble 
residues are considered in order. Experimental directions are 
presented in conveniently arranged tables and are designed for 
the detection of 2 to 5 mg. of each cation and 5 mg. of each anion 
per milliliter of sample. 

Appendixes including discussions of the colloidal state and of 
exponents and logarithms, suggestions to the instructor and a 
course outline for a 16-week period of instruction, lists of chemi- 
cals and apparatus, and useful numerical tables complete the 
volume. 

To the teacher who has experienced the difficulties of present- 
ing both factual and theoretical qualitative analysis logically and 
understandably, this textbook should be very welcome. In the 
opinion of the reviewer, the author has succeeded very well in 
meeting his objectives, and the book should be very helpful in 
improving presentation of the subject. The book lacks polish, 
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however, and it is deplorable that greater care was not exercised 
in correction of the proof, for innumerable errors in printing 
appear in the text. While the discussion of theory is fundamen- 
tally sound, such points as discussion of sodium chloride as par- 
tially ionized (p. 35), retention of the term “‘transition’’ as applied 
to the Periodic Group VIII elements (p. 43), inclusion of elec- 
trons bound with protons as nuclear components (p. 90), and as- 
cribing the lack of color of the zinc ion to its divalence (p. 144) 


may be questioned. 
THERALD MOELLER 


University or ILLINOIS 
URBANA, QLLINOIS 


a AN INTRODUCTION TO PRACTICAL ORGANIC 
CHEMISTRY 


R. V. V. Nicholls. Sir Isaac Pitman and Sons (Canada), Ltd., 
Toronto (distributed in the U. S. by Pitman Publishing Corpora- 
tion, New York and Chicago), 1946. iz + 187 pp. 21 figs. 
15 X 23.5 cm. $2.25. 


THERE Is no doubt that the writing of a satisfactory laboratory 
naanual is one of the most exacting tasks that an author can under- 
take. The material presented must be technically correct and 
the style so lucid that no possibility of misunderstanding the 
intent of the author can arise. The only practical method of 
achieving this ideal involves repeated revisions and actual testing 
of the material upon sample groups of students. This must be 
done using mimeographed copies of the procedures. Only a 
definite dissatisfaction with existing media of laboratory instruc- 
tion can induce an author to start and to carry to completion such 
an undertaking. 

The incubation period of a laboratory manual is long. When 
the book finally makes its appearance before the public it is not 
fully developed. It achieves maturity by appropriate reaction 
to the environment into which it is thrust. It increases in size 
and versatility. Imperfections are eliminated. A comparison 
of the present edition of our older accepted laboratory manuals 
with the original edition will illustrate this point. 

The author of this interesting manual has divided his volume 
into two parts—the first dealing with the theory and conduct of 
laboratory operations and the second dealing with organic prepa- 
rations and a carefully selected group of test-tube reactions. 
Each preparation is prefaced by a brief review of the principles 
involved. These range in length from about one-half to two and 
one-half pages and are called “textbooks in miniature.” They 
should reduce to a minimum the time that must be devoted in 
class or laboratory to explaining the theory underlying the labora- 
tory assignment. Both of these features have been incorporated 
separately into laboratory manuals before, but the combination 
is unusual. 

There are 28 assignments, each designed to occupy the student’s 
attention for approximately three hours. In some of these a 
product is left over until the following laboratory session to dry, 
but it can be assumed that the work is designed to cover two 15- 
week semesters with one laboratory period per week or one se- 
mester with two periods per week. The assignments deal with 
the synthesis of a member of most of the monofunctional classes 
of compounds and are about equally divided between the ali- 
phatic and aromatic series. In general the preparations increase 
in difficulty as the student advances through the book. Certain 
preparations seem to have been selected to sharpen the interest of 
the student. The synthesis of indigo and the production of 
polymers and condensation products illustrate this. Certain 
exercises seem to presuppose a knowledge of volumetric analysis. 
In Assignment 27 the course of the polymerization of vinyl ace- 
tate is followed by titration with bromine solution and the poly- 
condensation of diethylene glycol and maleic acid is followed by 
the determination of the acid number. Chromatography is dis- 
cussed in Part I and used in Assignment 28 to separate the pig- 
ments obtained from spinach leaves. 

The text is well written. There are few ambiguous statements. 
A’ few words of explanation would have been helpful on page 19 





JULY, 1947 


where the statement is made that the “two components (of a 
homogeneous mixture of volatile liquids) may be separated by 
fractional distillation.” A reference to pages 26 and 27 where 
constant-boiling mixtures are described would avoid giving the 
student a misleading impression. The constant, K, is omitted 
below the equation on page 31. It might be well to give examples 
of associated and unassociated liquids at this point to assist the 
student in assigning the proper value to K. This is done on page 
62, where the same equation is used to calculate corrected boiling 
points. Typographical errors are not common. Context makes 
it improbable that blood is the “leeched-out” material referred to 
on page 15. Only two other cases of misspelled words were 
detected. It is doubtful that best’ usage sanctions the term 
“ether linkage” for the alkyl-oxygen linkage of esters on page 110. 

Throughout the manual the tendency is to use quantities of 
materials which are as small as the equipment and the use to 
which the product is to be put will permit. In several cases 
where the product of one synthesis becomes the starting material 
for the next, conventional amounts of materials are specified. In 
other cases five to 15 grams of starting materials is the rule. 

A commendable attempt is made to acquaint the student with 


the I. U. C. system of nomenclature, particularly as it applies to’ 


acyclic compounds. In most cases where this system is used the 
common name is inserted in parentheses. There are a few in- 
stances in which this was not done and a few cases in which the 
common name is used without listing the I. U. C. name. 

The idea underlying this manual appears sound. It is to be 
hoped that this edition will be followed in due time by another 
containing a somewhat greater choice of assignments. Questions 
are inserted at appropriate points in the directions to. test the 
student’s understanding of the reasons for items of technique. It 
would be helpful to the student if there were more of these ques- 
tions placed at the end of the assignments. These are relatively 
minor matters which will doubtless be attended to as the manual 
develops. The book should serve admirably in the author’s 
laboratory. It should serve equally well in any short course in 
organic chemistry where, perhaps, 14 assignments would be 
needed for a one-semester course. Most instructors, on the other 
hand, would grow restive under a manual which provides no 
options in a one-year course. 


: ERNEST R. KLINE 
University or CoNNECTICUT 
Storrs, CONNECTICUT 


& TALBOT’S QUANTITATIVE CHEMICAL ANALYSIS 


L. F. Hamilton, Professor of Analytical Chemistry, Massachusetts 
Institute of Technology, and S. G. Simpson, Associate Professor 
of Analytical Chemistry, Massachusetts Institute of Technology. 
Ninth Edition. The Macmillan Company, New York, 1946. 
xiv + 439 pp. 32figs. l0tables. 15 X 22cm. Cloth, $4.00. 


THIS EDITION contains about 50 per cent more pages than the 


last edition. The theoretical material has been greatly expanded, 
particularly in respect to oxidation potentials, mass action, equi- 
libria, character of precipitates, and coprecipitation. The short 
section on colorimetry which occurred in the previous edition has 
been omitted. Many of the laboratory procedures have been 
rewri ten and several new ones added. The determination of 
Kjeldahl nitrogen, tin and antimony in nonferrous alloys, so- 
dium and potassium by the J. Lawrence Smith procedure, and 
manganese, phosphorus, silicon, carbon, nickel, chromium, and 
vanadium in steels, available chlorine in bleaching powder have 
been added. The Park method for the determination of copper 
in ore has replaced the longer Low procedure. Two procedures 
using the ceric ion as the oxidizing agent have been included. 
Explanatory notes follow each procedure. A few references to 
original work in the literature are given. Problems, all with 
answers, total close to 300 and are grouped at the end of the vari- 
ous chapters. The form of the problems and the explanatory 
material closely follows the form of the autbors’ book on calcula- 
tions on quantitative analysis. Rules for calculations have been 
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briefly and simply discussed and the problems have been written 
with the rules on significant figures in mind. Fractions (e. g., 
N/10, !/; millimol, etc.) are used frequently in stating the prob- 
lems. The section on volumetric analysis comes before that on 
gravimetric analysis but the book is sufficiently flexible so that 
this order could be reversed in teaching if it were so desired. 

This well-known book was first printed 50 years ago. From 
time to time it has been necessary to overhaul it to keep abreast of 
the development of quantitative analysis. The authors are to be 
commended for the thorough job they have done this time in 
bringing the book up to date. Although completely :evised, the 
book still resembles the earlier editions in its simple, concise, and 
lucid style of presentation. In its present form it will make many 
new friends, although those teachers who lay great emphasis on 
the theoretical aspects of quantitative analysis may consider the 
theoretical section of the book somewhat too concise for the two- 
semester course. The book can be recommended for examina- 
tion by any teacher who is considering the adoption of a new and 


up-to-date book in his course. 
REX J. ROBINSON 


UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


a ENZYMES AND THEIR ROLE IN WHEAT 
TECHNOLOGY 


J. A. Anderson, Grain Research Laboratory, Board of Grain 
Commissioners for Canada, Winnipeg, Canada, Editor. American 
Association of Cereal Chemists Monograph Series. Volume 1. 
Interscience Publishers, Inc., New York, 1946. ix + 371 pp. . 
35 figs. 33 tables. 15 KX 23 cm. $4.50. 


THE First volume of the new American Association of Cereal 
Chemists monograph series serves an admirable purpose. It is 
of value to the worker in pure science and to the industrial scien- 
tist alike; few monographs serve such a dual purpose so well. 
The layman, as well as other scientists, little appreciates the com- 
plicated biochemistry and enzymology involved in milling and 
baking technology, and a monograph, therefore, in this field was 
much needed. . 

The introductory general chap er by Sandstrom is of value, 
particularly to the nonspecialist . in enzymology. 

The fundamentally important amylase systems are reviewed in 
twin chapters; the excellent general one by Caldwell and Adams, 
and the one on applications to milling and baking technology by 
Kneen and Sandstedt. This latte chapter is an especially valu- 
able one. 

The twin chapters on esterases are interesting. The applica- 
tion of esterases to milling and baking technology, however, is at 
present not well understood. 

The chapters on oxidizing enzymes systems by Barron and by 
Sullivan review what is known at present about the role of these 
systems in milling and baking technology, a field in which future 
development promises to be outstanding. , 

The review of proteases by Balls and Kies and the companion 
chapter by Hildebrand on the role of proteases in baking are 
stimulating. The action of dough improvers is considered by 
some to be an inactivation of proteases, but even after a long pe- 
riod of years this important subject is still a matter of controversy. 
Considerable material on the action of dough improvers is given. 

The last two chapters are given over to fermentation, a theo- 
retical presentation of the mechanism of alcoholic fermentation as 
well as the technology of yeast fermentation in the dough. 

Author and subject indexes are included. Literature references 
are especially good; both titles and authors are listed. The for- 
mat and general make-up of the monograph are excellent. The 
industrial scientist in the field of milling and baking will find the 
book invaluable; others will find it stimulating and interesting 
and an advantageous method of ‘‘keeping up to date.” 


CHARLES HOFFMAN, T. R. SCHWEITZER, anp GASTON DALBY 


Warp Baxine Company 
New Yor«k City 
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@ ORGANIC ANALYTICAL REAGENTS 


Frank J. Welcher, Associate Professor of Chemistry, Indiana Uni- 
versity, Extension Division. D. Van Nostrand Company, New 
York, 1947. Volumel. xv +442pp. 63tables. 15 x 23cm. 
$8.00 ($7.00 set price of Vol. I). 


ORGANIC coMPOUNDS have been employed as analytical re- 
agents for a long time; their use for this purpose dates back to the 
early days of chemical analysis. Indeed, centuries ago before 
chemistry had developed into a science, papyrus soaked in a solu- 
tion of nutgalls was used as a spot test for iron. Also, organic 
liquids have long been employed as solvents and wash liquids. 
In 1831 Sérullas separated potassium perchlorate from sodium per- 
chlorate by extracting the latter with ethanol. Many specific, 
or selective, and highly sensitive reagents for the colorimetric or 
gravimetric determination of the elements are organic com- 
pounds; and in various other ways organic reagents are now ex- 
tensively employed in making chemical analyses. During the 
past 20 years many new organic reagents have been discovered 
and improved techniques have been made. 

“Organic Analytical Reagents” represents an exhaustive search 
of the literature and is to be published in four volumes, making 
available in one place a description of all organic compounds 
used in inorganic analysis and laboratory directions for their use. 

There are 17 chapters in Volume I, covering the following 
topics: the electronic theory of valence (Chapter I, 5 pages), 
coordination compounds (Chapter II, 11 pages), chelate: com- 
pounds (Chapter III, 9 pages), types of chelate rings (Chapter 
IV, 17 pages), the effect of structure on solubility (Chapter V, 
7 pages), hydrocarbons (Chapter VI, 13 pages), substitution prod- 
ucts of hydrocarbons (Chapter VII, 7 pages), alcohols (Chapter 
VIII, 50 pages), phenols (Chapter LX, 71 pages), miscellaneous 
phenolic compounds (Chapter X, 36 pages), amino phenols 
(Chapter XI, 16 pages), phenol sulfonic acids (Chapter XII, 20 
pages), 8-hydroxyquinoline and its derivatives (Chapter XIII, 
81 pages), azo derivatives of 8-hydroxyquinoline (Chapter XIV, 
13 pages), ethers (Chapter XV, 15 pages), aldehydes (Chapter 
XVI, 19 pages), and ketones (Chapter XVII, 35 pages). Volume 
I concludes with an index of names and synonyms of organic re- 
agents and one on their uses. 

In a book of this nature and scope it is difficult to avoid errors; 
a few were noted by the reviewer. On page 21, third paragraph, 
the bond angles for 7-membered rings should read ‘19° 6’, 
14° 35’, 10° 5’, and 5° 34....?’ In Table 5, page 22, the bond 
angles for 8-membered rings should be —25° 32’ and —21° 35’ 
for zero and one double bond, respectively, and —9° 44’ for four 
double bonds; for 9-membered rings with 4 double bonds the 
value is —16° 29’. On page 249, the molecular weight of 
(HO,S)2Ce6H2(OH)> is given as 358.2; the correct value is 270.23. 
Actually, the monohydrate of the disodium salt of this acid is 
employed and its molecular weight is 332.2. The sensitivity of 
this reagent for titanium (page 251, line 5) should read ‘‘1 part 
of titanium in 100,000,000 parts of solution. ...’’ There is an 
unnecessary duplication on pages 261-2, pyrocatecholdisulfonic 
acid having been described on pages 249-51 as a reagent for iron 
and titanium. 

The book is conveniently arranged for ready reference. The 
formula, molecular weight, Beilstein reference, properties, and 
method of preparation are given for each reagent, as well as ref- 
ences to the original literature. Volume I of this series is a very 
valuable addition to the reference works on analytical chemistry 
and, together with the three volumes that'are to appear subse- 
quently, will make a most useful treatise on organic analytical 
reagents. The printing and binding are good. 


JOHN H. YOE 


UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 
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& INORGANIC CHEMISTRY 


W. Norton Jones, Jr., Professor of Chemistry, Colorado State 
College of Agriculture and Mechanic Arts. The Blakiston 
Company, Philadelphia, 1947. xii + 866 pp. 273 figs. 16 x 
23.5 cm. $4.25. 


Tuis Is truly a new book. In the preface the author states 
that students ‘grasp and retain the facts of chemistry best when 
they are presented in the light of theory,’’ and that “the retention 
and deduction of facts relating to the elements and their numerous 
compounds is greatly improved by constant reference to the 
modern concepts of electronic structure and to the periodic rela- 
tionship of the elements.” The reviewer adds a hearty ‘“‘Amen.”’ 
The author has proceeded to construct a book which takes the 
above facts into consideration. He has not gone quite as far in 
this respect as he might, but this book nevertheless represents a 
distinct step forward. : 

The author’s independence of thought and originality of ap- 
proach are illustrated by his table of contents, which includes the 
study of atomic structure and the periodic system in the first six 
chapters. The next 15 chapters include sections on each of the 
elements in the series sodium to chlorine, to illustrate the changes 
in properties which take place as we pass from left to right in the 
periodic system. These chapters are interspersed with chapters 
on the states of matter, solutions, electrolytes, chemical equilib- 
rium, colloids. The rest of the elements are then discussed in 
terms of their periodic groups. The reviewer could scarcely be- 
lieve it when he saw that hydrogen and oxygen are not discussed 
until chapters 23 and 25; certainly the author is not bound by 
tradition. 

In general the writing is good—it makes pleasant reading, even 
for one who has gone over the material many times. The style is 
somewhat diffuse, however, and the author has not used his 831 
pages as efficiently as he might. The book is well illustrated, 
lists of collateral readings are provided, and there are 49 pages of 
exercises at the back of the book. 

The reviewer noted some errors in skimming through the book, 
e. g., on p. 147 the statement that “the pressure which a gas exerts 
at its critical temperature is known as its critical pressure’”’ is 
obviously misleading. Further, van der Waals’ forces may not 
be attributed to gravitational attraction. On p. 301, 10-1” has 
been substituted for 10-7. On p. 327, there is no experimental 
basis for writing the formulas H,SiO, and H,SiO; for the so-called 
ortho- and metasilicic acids. The author completely slights the 
important field of mineral silicates. Likewise, electronic formu- 
las are not used consistently, e. g., the electronic formula for 
dithionic acid is given, but not the corresponding formula for 
sulfuric acid. In spite of these this book is a distinct contribu- 


ton to the literature of general chemistry. 
HARRY H. SISLER 


Tue Ont1o.State UNIVERSITY 
CotumBvus, OHIO 


& ADVANCING FRONTS IN CHEMISTRY: 
Volume II, Chemotherapy 


Wendell H. Powers, Editor. Reinhold Publishing Corporation, 
New York, 1946. 156 pp. Illustrated. 15 X 23.5cm. $3.25. 


Tuis 1s a collection of a series of lectures sponsored by Wayne 
University under the direction of Professor Neil E. Gordon, 
Chairman of the Department of Chemistry. The contributors 
and their topics are as follows: ‘(Chemotherapy in Experimental 
Tuberculosis,” William H. Feldman; “Synthetic Antispasmod- 
ics,” Frederick F. Blicke; ‘(Chemistry of the Sulfa Drugs,” E. H. 
Northey; ‘The Antimalarial Problem,’ Harry S. Mosher; 
“Organometallic Compounds as Chemotherapeutic Agents,” 
C. Kenneth Banks; and ‘Past Developments and Present Needs 
in the Chemotherapy of Parasitic Diseases,’ Willard H. Wright. 
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This month the Editor makes place for a “guest art- 
ist”’. The following editorial on ‘Experts’ which ap- 
peared in the June 28 number of The Chemical Age 
seemed worth quoting in full in this column. 


Everyone knows the Judge’s opinion of expert witnesses, but 
not everyone knows how widespread is that view. Weare toldon 
good authority, indeed on expert authority, that as long ago as 
1877, Lord Salisbury writing to Lord Lytton penned this damning 
indictment of the experts of his time: ‘‘No lesson seems to be so 
deeply inculcated by the experience of life as that you should 
never trust experts. If you believe the doctors, nothing is whole- 
some; if you believe the theologians, nothing is innocent; if you 
believe the soldiers, nothing is safe. They all require to have their 
strong wine diluted by a very large admixture of common sense.” 
More recently, someone who had evidently lost his money was 
heard lamenting that the experts who had prophesied the result 
of the Derby had proved to be singularly unreliable, and his friend 
added to his grief by admonishing him that since the experts had 
declared the thing to be certain to come to pass, he had only him- 
self to thank for not acting contrary to their opinion, as everyone 
in full possession of his senses would do. In this disconcerting 
world, faith in the expert has dwindled to a very small vulgar frac- 
tion. That in itself must be disconcerting to many of our readers 
who are experts in one or other of the branches of chemistry or the 
chemical industry. When we read that a Minister of the Crown 
began his speech in Parliament with the words: ‘‘My experts tell 
me...’’ we know he has already lost his case since he has himself 
thrown doubts of the most grave character upon the plan that he 
is about to unfold. This universal disbelief in the powers of the 
expert is no light matter. Believe it or not, the expert is in fact 
the man (or woman) who knows more about the subject than most 
others. The intrinsic value of experts, however, is variable and 
relative, In the average gathering, the man who has matriculated 
is an expert; to his examiners he is something less than the dust, 
whose mistakes, made in perfectly good faith, are the cause of 
much ribald merriment in the Common Room and may even 
feature in our own cartoons. This brings powerfully to our mind 
the realization that knowledge is also relative. The savants who 
laugh at the mistakes of their pupils, for all they know, may them- 
selves be the subject of laughter in high heaven for the tenacity 
and assurance with which they declare to be truths things that 
are in fact not true. In the course of our professional life we have 
been impressed by the desire of those who are not expert to secure 
from those who are, crude, blunt advice as to the course of action 
to be taken in given circumstances. The real expert is ever mind- 
ful of his own short-comings. He knows that his counsel must be 
a compromise between many different courses. The pros and 


cons are nicely balanced, and he would be content if he could state , 














the problem, leaving others to decide the issue. Alas, that is not 
possible. On all sides the expert is confronted with the cry: 
“Tell us what to do!’ If he does not answer that cry, if he does 
not accept the challenge, he is no expert; his reputation is gone. 
If he answers it, quite often he is as likely to be wrong as not, be- 
cause the course of action he will suggest may be inappropriate, 
not because it is wrong, but because of some consideration outside 
his ken as anexpert. Lord Salisbury was thus right in his declara- 
tion that all experts require to have their strong wine diluted by 
a very large admixture of common sense. 

This matter of the expert advice, however, is not lightly to be 
disregarded. It is very important that the expert should come 
into his kingdom. Life is so complex that whether he be a chem- 
ist advising upon chemistry, an engineer upon engineering, or 
even a politician upon politics, the fact is that without that ad- 
vice we should be floundering as we have floundered for many 
years. The expert is, in truth, very necessary. The Times, for 
example, has lately declared that “the present demand for scien- 
tists in industry is insatiable, and it is impossible to pretend that 
the best way of allocating limited resources of scientific man- 
power has yet been found.” What are scientists in industry but 
“experts?” 

In all this confusion of thought, there emerges a lesson. It is 
that the men of affairs should not ask the expert to go beyond his 
sphere. ‘“‘One should never ask a savant the secrets of the universe 
that are not in his particular show-case,” said Anatole France, 
‘the takes no interest inthem.’’ The opinion of the expert is to be 
sought only on those subjects in which he is truly expert, and in 
which, being expert, he realizes his own limitations. Beyond that 
lies the field of pure common sense in which one man’s guess is as 
good as another’s. Thus, the plea for scientists to take part in 
government is not necessarily well founded, because the scientist 
has his limitations no less than the politician; there is a need for a 
combination of the scientist with the man of affairs, so that in the 
multitude of counselors there may be found wisdom. Many 
pour scorn on committees, as bodies for aryiving at the truth of 
any particular matter. There is much to be said for a well-chosen 
committee comprising experts in many directions likely to be of 
service in arriving at a sound conclusion. When that conclusion 
is reached, when a course of action has been decided upon, when 
the time for action has arrived, then let the committee be disban- 
ded. To translate thought into action a committee of one is the 
best of all. 

There.is a good deal here that intimately concerns the manage- 
ment of scientists, even of engineers, in industry. The business 
man at the head must make many hard decisions. He should 
not expect his “expert” staff to make them forhim. They will 
advise him, each in his own sphere. The decision requires the 
correlation ‘of all the expert advice, a leavening of business ex- 
perience, and a large sprinkling of common sense. 
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Onw rue square before the Votivkirche, not far from 
the University, stands a simple, one-story red brick 
structure whose facade is embellished with the names of 
some of the most famous chemists of the world. It is 
the old chemical building of the University of Vienna. 
The erection of this laboratory, in which chemistry 
found its first worthy home in the Austrian capital, was 
due primarily to the ceaseless efforts of Joseph Redten- 
bacher. 





The Old Chemical Institute 


The construction was begun in 1869, bat unfortu- 
nately death overtook him in 1870 before the building 
was put into use. Redtenbacher was not only the 
founder of this Chemisches Institut but also the first 
professor of Vienna who could teach chemistry as an 
actual science according to the most modern views. In 
addition he was a pioneering investigator. During the 
1870 general meeting of the German Chemical Society 
its president, A. W. Hofmann, stated that a fitting 
obituary of an eminent colleague had not yet been com- 
posed for the Berichte, and he hoped that an account, 
even though belated, would be given of the life and ac- 
complishments of Joseph Redtenbacher. The request 
was repeated by Hofmann in 1875; he felt that it was 
still not too late to pay this deserved tribute. He ap- 
pealed particularly to Redtenbacher’s friends, but there 
was no response. Thus, the present biographical 
sketch, written 76 years after his death, is the first to 
appear in a chemical periodical. 

Joseph Redtenbacher was born in 1810 at Kirchdorf 
in Upper Austria. Asa boy he exhibited a great interest 
in natural science, especially botany. He decided to 
study medicine, not because he intended to practice 
this profession, but only because the curriculum con- 


JOSEPH REDTENBACHER 


MORITZ KOHN 


(Translated by Ralph E. Oesper, 
University of Cincinnati) 


tained the auxiliary sciences which were his main in- 
terest. After obtaining his medical degree in 1834, he 
was appointed assistant to Jaquin. The latter taught 
both chemistry and botany—an illuminating side- 
light on the state of chemical instruction of that period. 
Fortunately Redtenbacher was: transferred from his 
original favorite, botany, to an assistantship in chem- 
istry. Shortly thereafter he received a second stroke of 
fortune that further determined his scientific develop- 
ment—namely, a government grant to use for ad- 
ditional training. Since there was no place in Austria 
where an up-to-date chemical course was offered, Red- 
tenbacher went to Germany. At first he worked in 
Berlin with Heinrich Rose, the well-known authority in 
analytical chemistry. Then Redtenbacher enrolled at 
Giessen in the famous laboratory developed by Liebig. 
The fascinating force of Liebig’s personality, teaching 
ability, and research method made a tremendous im- 
pression on the young Austrian. Their joint papers 
(13, 24) brought Redtenbacher’s name into prominence 
among chemists, and in 1840 the Austrian Emperor, 
Ferdinand, appointed him to the professorship in the 
University of Prague. He was active there until 1848 
when the disturbances accompanying the Revolution 
caused him to seek refuge in his native village. He did 
not return to Prague because he was called to Vienna in 
1849. This was the scene of his activities for 21 years, 
7. e., until his untimely death in 1870. In 1847, when 
the Vienna Academy of Sciences was founded to be the 
preeminent scientific organization of the Empire, the 30 
most distinguished scholars of Austria were named to 
membership. The list included two chemists, Redten- 
bacher and Schroetter. 

At Liebig’s suggestion a number of the young men 
working in the Giessen Laboratory carried out (1840) a 
study of fatty acids and their distillation products. 
Stearic acid (11) was assigned to Redtenbacher. This 
same year he reported that sebacic acid CioHisO,4 is 
formed by the distillation of oleic acid or of fats con- 
taining oleic acid (12). He later continued this investi- 
gation of the effect of heat on fats and in 1843 reported 
from Prague the results of his study of acrolein. This 
is doubtless his most important paper. It had been 
known for a long time that overheated fats produce a 
substance that has an extremely penetrating odor. Al- 
though it had not been isolated in pure form, Berzelius 
suggested that it be called acrolein. Redtenbacher 


* proved that this substance was not a decomposition 


product of fatty acids, but of fats, and that its real 
source is the glycerol of the fats. Therefore, his paper 
was entitled ‘“‘The decompositon products of glyceryl- 
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oxide by dry distillation” (15). He recommended a 
method of preparation that is still in use—namely, 
heating glycerol with potassium bisulfate or phosphorus 
pentoxide. He succeeded in overcoming the consider- 
able experimental difficulties encountered in this 
preparation and described this substance as a colorless 
liquid boiling at 52°. The empirical formula C;H,O 
was confirmed by determination of the vapor density. 
He likewise observed its ability to condense and poly- 
merize. In addition to the intolerable odor and the 
ready volatility, the preparation was quite difficult be- 
cause of the ease with which acrolein is altered on con- 
tact with the air. He found that it takes up an atom of 
atmospheric oxygen to produce the compound C3H,Oz, 
which he named acrylic acid. This is the first member 
of the series of unsaturated acids with the general 
formula C,,He,—2Ob. 

An acid, CyHisQ02, was isolated in 1846 by Redten- 
bacher and Pless from the volatile oil of Pelargonium 
roseum. Redtenbacher at this time made (22) the 
interesting discovery that this same newly discovered 
pelargonic acid is formed when oleic acid is oxidized by 
nitric acid. This fact is now used as a potent argument 
for the present structural formula of oleic acid, since the 
latter (I) on oxidation is decomposed into pelargonic 
(II) and azelaic (IIT) acids. 


CH;(CH:2);,CH = CH(CH:);COOH (I) + O > 
CH;(CH2);COOH (II) + COOH(CH:,); COOH (III) 


In 1846 he studied St. John’s bread and obtained an 
acid which he recognized as butyric acid (2/). This 
identification was perfectly correct in the light of what 
was known at the time, and it was not until 1864 that 
Erlenmeyer, and somewhat later Markownikow, pre- 
pared isobutyric acid. In 1872, at Erlenmeyer’s sugges- 
tion, Grinzweig made a study which showed that the 
acid obtained from the St. John’s bread is isobutyric 
acid. 

Tiedemann, the physiologist, in conjunction with the 
chemist Gmelin, isolated taurine from gall in 1824. In 
1838 Demarcay reported that taurine has the com- 
position of acid ammonium oxalate, a finding that was 
confirmed by Pelouze and Dumas that same year. In 
1846 Redtenbacher made the startling discovery that 
taurine contained sulfur (19); he found its empirical 
formula to be C:H;O3;NS. Redtenbacher prepared 
another compound, sulfite-aldehyde ammonia 
C:H,ONH;-SO, (23), but found it to be quite different 
from taurine, its isomer. The latter, which is amino- 
ethane sulfonic acid, was synthesized by Kolbe in 1862. 

Unfortunately the stream of Redtenbacher’s scien- 
tific contributions dried up after he moved to Vienna. 
This was regrettable—not only for himself and for the 
University at which he taught, but most of all for the 
science he represented. Many fruitful discoveries 
could have come from the skilled hands of this reliable 
observer. However, these events can be logically ex- 
plained. In Vienna he found himself confronted by a 
gigantic task which would have totally consumed the 
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time and energy of even the most gifted and assiduous 


man. He was a member of the philosophical faculty; 
he was responsible for the entire instruction of the 
medical and pharmaceutical students; he was entrusted 
by the medical faculty to work out the official certifi- 
cates for which he was the final authority; he was 
charged with the re-examination of 48 Viennese apothe- 
caries; furthermore, he was given the task of instruc- 
ting the artillery officers in chemical technology and 
the chemistry of explosives. Even these multifari- 
ous and exhausting duties did not completely fill the 
measure. The burden of planning the new chemistry 
building was piled on his shoulders. He made trips into 
other countries, to study the arrangement and equip- 
ment of the most modern laboratories. He worked out 
no less than 14 plans for the new structure. The bureau- 
cratic difficulties and disputes which needlessly delayed 
the progress of the undertaking made his life miserable. 
“And last but not least, his laboratory was quartered in 
the entirely inadequate rooms of the Theresianum, a 
school that was built by Maria Theresa for the train- 
ing of the sons of the nobility. 

If Redtenbacher’s scientific career is scrutinized, its 
variety becomes clearly evident. He was an excellent 
organic chemist, and in line with his medical training he 
was also a physiological chemist. He was an accurate 
analyst and published a whole series of studies of the 
composition of various minerals and mineral waters. 
Problems in inorganic and mineral chemistry, such as 
meteoric stones, received his careful attention. He had 
good judgment in regard to questions of applied chem- 
istry and therefore was often consulted by various 
government officials. For example, he was chairman of 





The Bust of Redtenbacher Standing in the Lecture Room of the Old 
Chemical Institute 
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the commission made up of scientists and representa- 
tives of the military boards who had to inform the 
Austrian government about the usability of gun cotton 
for military purposes. 

Redtenbacher’s friends and admirers placed a white 
marble bust in the auditorium of the old chemistry 
building. His highly intellectual features were thus 
faithfully preserved for later generations. But, as has 
already been stated, none of his Austrian colleagues and 
friends felt impelled to compose an obituary for the 
chemical world. The writer is strongly reminded of 
Boltzmann’s words:! ‘We Austrians are a strange 
people, if one of us does something really great, we are 
properly embarrassed, we do not trust ourselves to 
make public recognition of the accomplishment.” 

Be that as it may, the foregoing brief account is 
sufficient to show that Redtenbacher was not only one 
of the pioneers of chemistry in Austria, but also an in- 


vestigator who contributed solid building stones that’ 


helped in the erecting of modern chemistry. He has 
shared, with many other scientists, the fate of being 
forgotten. The mention of his name brings only blank 
looks. He has published the comparatively small num- 
ber of 24 papers. Nevertheless, any textbook of 
chemistry, worthy of the title, will doubtless contain re- 
sults contributed by Joseph Redtenbacher. 
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Years ago wise Amiel wrote: ‘‘Just as volcanoes reveal to us the secrets of the interior 


of the globe, so enthusiasm and ecstasy are the passing explosions of this inner world 


of the soul.”’ 
manner of men and women we are. 


The manner in which we express our emotions reveals to others what 
If loves goes forth, there is love at the very core 


of our being. Emerson put this in another way when he wrote: ‘‘How can I hear 
what you say, when what you are keeps thundering in my ears?’’ 
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The Revision of Chemistry and Chemical Engineering Curricula 





“ INTRODUCTORY REMARKS: 


Ovr epucationaL system is adjusting itself from 
the abnormal programs of wartime to the abnormal 
programs of a so-called reconversion era. In the war pe- 
riod many problems had to be surmounted. In most 
colleges the student bodies were composed largely of 
young women and of men from the armed forces. 
Supplies, especially permanent apparatus, were difficult 
to get because teaching did not carry a triple A priority. 
Teaching laboratories became restricted areas, with 
armed guards checking passes of those privileged to en- 
ter the laboratories. 

Now, the emergency is over; reconversion to normal 
is supposedly under way. New problems have to be 
surmounted. Student bodies now include large num- 
bers of veterans; young men again exceed the young 
women by a two- or three-to-one count. Supplies are 
more difficult to get than earlier because decreased 
inventories must be replenished and the greater student 
enrollment requires more apparatus. Teaching labora- 
tories are still restricted areas—restricted in the sense 
that they are too small to accommodate properly the 
enrolled students. 

There is no need to devote time to the widely dis- 
cussed problem that our system of training professional 
scientists has broken down. We have lost a generation 
of chemists. The heavy pressure on applied chemistry 
to win the war has taken its toll. It has caused the 
loss of the one generation because the group was di- 
verted from the scientific training grounds to the war 
training fields. It has caused a loss by diverting a large 
number of trained chemists from fundamental programs 
to applied problems or to administration. Those of us 
who supervise groups of chemists or are teachers recog- 
nize the effects of converting good research men to other 
lines of endeavor. Once the enthusiasm for research 
thought is dampened, it is difficult to re-instill the spirit. 
Thus, another group is lost to research or teaching. 

The time has come when we must take stock of plans 
for the future. We must ask ourselves what lines to fol- 
low. The experiences of the last few years have shown 
that chemists need a good fundamental training in sci- 
ence; .they also must obtain a background in the hu- 
manistic subjects so they may better fit into the environ- 
ment in which they live and work and loaf. As a mat- 
ter of fact, in most schools the better balanced curricula 





1 Presented before the Division of Chemical Educatign at the 
111th meeting of the American Chemical Society in Atlantic 
City, April 14-18, 1947. 
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are those leading to bachelor of science degrees in chem- 
istry, since these programs afford a mixture of chem- 
istry, mathematics, physics, foreign language, English, 
and the humanistic or cultural subjects. We ask, 
therefore, how much of a cultural program should be 
interwoven into the scientific curriculum? 

The war period saw the employment of many per- 
sons as technicians in ordnance plants and other chemi- 
cal industries. These persons prefer to be called chem- 
ists. The success of many chemical projects in the 
winning of the war effort served to glamorize chemistry. 
Young people are registering for training in our profes- 
sion because it is thought there will be a great need for 
chemists in these immediate future years. However, 
most of these people are not qualified to become chem- 
ists—they are better suited to be trained as laborato- 
rians or technicians. Should we develop trade-school 
types of courses as part of our college programs? 4 

Each year, many departments of chemistry face an- 
other complex problem. It deals with the large num- 
ber of young people who have started premedical pro- 
grams, hoping they may be among the lucky few who 
will be accepted in Medical School. After frustration 
because of not getting into Medical School, many desire 
to become professional chemists. For the same reasons 
that they did not qualify as potential doctors, they are 
not suited for chemistry. True, they have taken nu- 
merous chemistry courses, along with some mathemat- 
ics, physics, languages, etc. However, they lack that 
intangible factor—the spirit, the love, and the enthu- 
siasm which marks the difference between being a chem- 
ist and not being a chemist. This group will be good 
future citizens; they will have a good educational back- 
ground. We should provide for thera. How should we 
plan our programs to recognize these persons by a suit- 
able collegiate degree? 

Inquiries arise about the integration of our chemistry 
courses. How closely should first- and second-year 
courses of study be interwoven? To protect the pro- 
fessional chemistry program from becoming a trade- 
school course for technicians, should we adopt a five- 
year comprehensive program leading directly to a 
master’s degree? This latter type of program can meet 
all of the requirements of the American Chemical So- 
ciety; it can include phases of study not possible in an 
unintegrated four-year program on which is superim- 
posed a master’s program. Can programs of study in 
large schools be as closely coordinated as those of small 
schools, where the faculty is smaller and hence better 
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adapted to participating in all phases of a four-year 
schedule? 

We learn that chemical engineering curricula are 
being developed into five-year programs. The student 
public must be educated to the facts that well-trained 
chemists or chemical engineers need more than four 
years of training to become qualified for their profes- 
sions and that there is nothing sacred about the custo- 
mary four-year course of study. 

The methods and the objectives of engineering cur- 
ricula are being re-examined. To develop a broad engi- 
neering program, there must, be an early concentration 
on fundamental science, mathematics, and English. 
How much inorganic, analytical, organic, and physical 
chemistry should bt included in the chemical engineer- 
ing programs? How much engineering as such should 
be included? For chemical engineering, should major 
emphasis be placed on the master’s degree and less on 
the doctorate, or vice versa? 

Industry obtains its annual supply of young scientists 
and engineers from the colleges. In preparing our cur- 
ricula, attention should be paid to the criticisms of those 
who hire the product of the colleges. Industry should 
help the colleges and universities by outlining both the 
strong and the weak points of the curricula. However, 
it should be stressed that the purpose of the collegiate 
programs is to give training in fundamentals, not to 
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give extended training in routine techniques. Pressure 
is sometimes brought on colleges to give a trade-school 
type of training for technicians. Such programs have 
their place, but the baste courses in chemistry, mathe- 
matics, physics, and English must not be sacrificed. 

For over a decade the American Chemical Society 
has been interested in the development of curricula for 
the professional training of chemists. The Committee 
has performed a tremendous task. Individuals have 
benefited, schools have benefited, the profession has 
benefited by the study. Problems are still unsolved in 
connection with the professional training of chemists. 
There is still a good demarcation line between the labora- 
torian and the chemist. We still have the task of con- 
vincing a large lay public that. chemistry is a “learned 
profession,” comparable to medicine and law. We still 
have the job of developing the profession of chemistry to 
the stage that the profession advances parallel to the 
progress of chemistry as a science. 

In the papers listed on this symposium, we may have 
the answers to a few of the questions. Certainly, all of 
them will not be answered. Our frank discussions will 
enable all to broaden their views on chemistry and 
chemical engineering, their places in our changing edu- 
cational scheme, their functions in our present and fu- 
ture society. 


7 THE PROFESSIONAL TRAINING OF CHEMISTS' 


In REPORTING for the Committee on Professional 
Training, a large tribute is due our most diligent and 
efficient Secretary, Mr. Erle M. Billings, who has served 
continuously since this work was initiated in 1936. 
We are also greatly indebted to the Eastman Kodak 
Company for its generous contribution of Mr. Billings’ 
time and for the quarters they have put at our disposal. 

As you may know, this work was begun in 1936 by a 
special committee of the Council under the leadership of 
the late Dr. Midgley. From this there resulted the 
present Committee, first under the chairmanship of 
Dr. Roger Adams. A survey was made of the curricula 
and facilities of about 800 departments of chemistry in 
the United States, from which a point just above the 
median for each requirement was recommended as a 


1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic 
City, April 14-18, 1947. 

2 Chairman of the Committee of the Council of the American 
Chemical Society on “Professional Training.” 
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minimum standard for approval. After adoption of the 
requirements by the Council, the Committee was in- 
structed to proceed to ascertain which departments of 
chemistry satisfied these requirements as to faculty, 
curriculum, facilities, and administration. The Com- 
mittee has been authorized by the Council to make 
changes in the minimum requirements when deemed 
best, as long as the change or changes do not lower any 
of the minimum standards adopted by the Council. 
The survey was conducted by means of a question- 
naire sent to each institution requesting it, of which 
there have been about 504. This was followed by visi- 
tation upon invitation from the President of each in- 
stitution, but at the expense of the Society. At first a 
few members of the Associations of Land-Grant Col- 
leges and Urban Universities objected to the Society’s 
visitation of their chemistry departments. This was 
because they did not fully understand the purpose of the 
program. Their objections were happily resolved when 
the Committee convinced the Associations that the pro- 
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posed activities would be. helpful rather than detri- 
mental to chemistry within their institutions and that 
the Chemical Society was within its rights in setting up 


standards of admission to its membership. It should 
not be forgotten that this is the basis of our operations 
rather than accrediting of departments per se. In 
recognition of this, each graduate who is accredited re- 
ceives a certificate of eligibility to membership—full 
membership in two years after the bachelor’s degree. 

Our Committee is greatly indebted to the Associates 
who have contributed time and energy to make the large 
number of visits and revisits (592 as of March 20, 1947), 
as well as written and oral reports, that have been neces- 
sary. They have performed their offices efficiently and 
fairly and have rendered a real service to the American 
Chemical Society. A large share of the success of the 
entire program is due to the unselfish efforts of these 
able Associates who have served the Committee. 

The minimum requirements have been changed.but 
little during the years they have been in effect. Now 
that the Committee has completed the initial survey of 
all institutions that have sought approval (451) and has 
approved 141, one of which has two approved depart- 
ments, it may well have more time to consider desirable 
revisions in step with the development of our science 
and the changing conditions under which our institu- 
tions operate. 

The Committee has already taken cognizance of this 
necessity and at its present meeting is considering 
whether the time requirement of quantitative analysis 
might be reduced owing to improved and more rapid 
techniques in that field. 

You may be interested in some of the problems that 
have confronted the Committee. One that has recurred 
with disturbing frequency has been the use of the cal- 
culus in instruction in physical chemistry. Many in- 
stitutions with limited enrollment desire to combine in 
one class students of chemistry who have had calculus, 
and other students, usually preprofessional, who have 
not. The Committee has felt it necessary to insist on 
preparation in and practical use of the calculus in the 
course in physical chemistry. Also, the question of 
what constitutes an ‘‘advanced course”’ has presented 
some perplexities, particularly with reference to the 
laboratory work required. The division of time be- 
tween qualitative and general chemistry has raised 
some questions, in answering which the Committee has 
been inclined to favor a broad latitude of departmental 
judgment. 

On the whole the Committee has tried to avoid “‘hair 
splitting” decisions and the intrusion of more than a 
minimum of personal judgment. Fortunately the mini- 
mum requirements adopted by the Council obviate the 
necessity of this in most cases and. permit decisions on a 
factual basis. 

Undoubtedly the most important factor in instruc- 
tion in chemistry is the faculty, which must be consid- 
ered both as to quality and size. In the early stages the 
Committee did approve a few departments in small in- 
stitutions with a two-man faculty where there was no 
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doubt as to its quality. Gradually and quite reluc- 
tantly the Committee has become convinced that the 
minimum requirements cannot be given by only two 
men without violating the restrictions on overloading. 
Although there are a few notable instances of a faculty 
consisting of two young men—capable, vigorous, and 
willing or even insistent on assuming this burden—the 
Committee in recent years has not felt it fair to fail to 
give them much needed relief by insisting on a minimum 
faculty of three. Naturally, to avoid overloading, 
larger faculties are necessary at the larger institutions 
in proportion to the enrollment. Inbreeding and the 
proportion of faculty having the doctorate are further 
factors that have given concern at a few institutions. 

By far the most difficult factor to determine to the 
satisfaction of the Committee and to the conviction of 
the department concerned is the ‘‘competence’’ or qual- 
ity of the faculty or of individual staff members in ‘“‘the 
fields covered.”” Of course the number and quality of 
publications is a reliable criterion of ‘research produc- 
tivity.” But the teaching qualifications which are so 
difficult to appraise at home, as we all know, become al- 
most impossible for outsiders to evaluate. And even 
when the Committee is convinced that the quality of a 
staff or some of its members is below standard, it is very 
embarrassing to put this opinion into writing. It has 
always been the policy of the Committee to give its 
reasons for disapproval or rejection to any department 
requesting them. It is now the policy of the Committee 
to send, after visitation, to the head of the department 
(with a copy to the President of a given university) a 
statement of the strong and weak points of the chem- 
istry department as viewed by the Committee. But 
when it is only a matter of competence of staff, our 
Committee has been reluctant to embarrass or jeopard- 
ize the position of afellow chemist by giving an adverse 
opinion. A department, therefore, which believes it 
has met all formal requirements and yet fails to get 
satisfaction or a satisfying explanation from the Com- 
mittee, may do well to examine the individual compe- 
tence or quality of some of its staff members. 

Finally, before leaving the field of undergraduate 
training, there might be brought to your attention one 
subject to which the Committee has from time to time 
given consideration without, however, reaching a con- 
clusion that could be presented to the Council. I refer 
to the fairly large number of departments of chemistry 
that maintain a high standard of instruction.in quality, 
but quantitatively do not meet the requirements for 
professional training. Their excellence is attested by 
the superior training given their students who go else- 
where to graduate or professional schools. The question 
has often been raised whether these departments should 
not be given some type of certification in a different 
class. So far, there has been no demand for such classi- 
fication and probably the desire for it does not exist. 
I mention it merely to assure that while our Committee 
is not seeking new responsibilities, it would be willing 
to consider and to present to the Council a proposal for 
such a classificavion if it were requested by a sufficient 
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number of institutions concerned. We have always re- 
gretted our inability to encourage and give some recog- 
nition to a department giving a high quality of training 
without quantitatively meeting the requirements for 
professional status. However, it must be remembered 
that a new set of requirements would have to be set up 
and that a department which failed to be approved in 
either class would be left in quite a doubtful position. 
The Committee has just begun a program of revisita- 
tion of all institutions on the approved list. We would 
have liked to arrange our revisitation program so as to 
resurvey those institutions which from the viewpoint 
of the Committee most needed a survey, but on ac- 
count of the available time of visiting Associates and 
‘the cost to the Society, it seemed the common-sense 
thing to arrange for the visitation of as many institutions 
as possible by a given Associate in one itinerary. The 
object of revisitation is to review the present situation, 
particularly with reference to the ravages of the war and 
the influx of veterans. 


GRADUATE TRAINING IN CHEMISTRY 


It was the original intent of the Council that the 
Committee on Professional Training should also con- 
cern itself with training at the graduate level. Pending 
a study of graduate training for professional chemists 
some general requirements were adopted and published 
[Ind. Eng. Chem., News Ed., 17, 592 (1939) ]. 

Recently our Committee has begun such a study. 
First a panel consisting of about 20 representatives of 
some of the principal graduate schools in chemistry 
and representatives of some of the industrial research 
laboratories that employ large numbers of chemists with 
postgraduate training was formed to advise our Com- 
mittee. Asa result it was decided to confine this study 
first to the Ph.D. degree, and a fact-finding survey was 
planned in that area. An exhaustive questionnaire cov- 
ering practice, policy, and philosophy of graduate work 
in chemistry for the Ph.D. was sent to all institutions 
giving graduate degrees in chemistry in the United 
States. Seventy-eight replies were received. While 
great differences in detail were disclosed there was gen- 
eral uniformity in policy and practice, within fairly wide 
limits between regulation and autonomy of choice of 
courses and pursuit of research by graduate students. 

Also, a questionnaire was addressed to a large num- 
ber (1157) of Ph.D. graduates in different age groups 
from about 25 institutions. The opinions varied widely, 
from those who thought that what they had had in 
college was still about right, to those who believed many 
changes in the system of training would be beneficial. 

Of especial interest were the replies from the directors 
of industrial research laboratories giving their advice as 
to the type of training of Ph.D.’s needed in industry. 
Owing to the fact that a large majority of our Ph.D. 
trainees go into industry, I think we must attach espe- 
cial value to these comments. I wish it were possible to 
publish their letters in full, but as that hardly seems 
feasible I shall attempt to give you a brief summary, in- 
adequate though it is in many respects. 
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SUMMARY OF OPINIONS FROM 57 EXECUTIVES OF 
CHEMICAL INDUSTRIAL RESEARCH 


I regret that I cannot report that a majority of this 
number expressed blanket approval of Ph.D. work as 
now given, although 11 more or lessdidso. Nearly all of 
the suggestions are constructive and, I believe, should 
be helpful. Only one suggested that since universities 
are concerned with research they should “research” 
themselves to learn to do a better job. 

You may not be surprised that the largest number of 
complaints is directed at the inability of Ph.D. gradu- 
ates to write and speak English. Over half of the re- 
spondents made this charge. Apparently the others 
simply neglected to do so. No one asserted that the 
training of chemists in English is satisfactory. If this be 
so of Ph.D.’s who have prepared theses accepted by 
our faculties and by the graduate schools, what atro- 
cious English must be used by many of our other gradu- 
ates with less training. 

Some schools have undertaken to correct this de- 
plorable lack by special courses in technical report 
writing, but responsibility for English cannot be shoul- 
dered by the graduate or even undergraduate faculty. 
The trouble lies deeper, in the high school and grammar 
school, where sound principles of instruction have been 
emasculated in favor of fads and worthless and harmful 
fancies. This deplorable situation is all the more serious 
in a democratic society where large elements of foreign 
migration exist—intelligent, vigorous, but often without 
good English background within the family environ- 
ment. The radio and the ‘funnies’? must also take 
their share of blame, and the latter is something that 
will not correct itself with the end of large immigration. 

To suggest what might be done to improve the in- 
struction of college English is very difficult and I am 
sure quite beyond the abilities of the speaker. As al- 
ready stated it is my opinion that the faulty instruction 
begins much below the college level and that the rem- 
edy would first have to be applied there. I have never 
been sympathetic with the modern methods of teaching 
English which appear to have abandoned all ideas of 
grammar, parts of speech, of syntax. It is my candid 
opinion that a return to some of these principles of in- 
struction, which were thought to be basic a generation 
ago, would doubtless bring about some improvement. 
But whether there are many teachers in the secondary 
schools who would be interested in or competent to 
undertake such a revolutionary—and they might think 
backward—step is open to serious question. To my 
mind it would be worth a trial. When grammar, pars- 
ing, and sentence diagramming went out the school 
window along with mental arithmetic, the students who 
came up under the new system or lack of system were 
put under a serious handicap. Evidently this has now 
had time to show up at the Ph.D. level. What can be 
done at the college level to correct these deficiencies is 
again another matter. Doubtless some additional atten- 
tion to report writing and public speaking would be in 
the right direction. It is for the teachers of English to 
undertake these changes. Scientists can only call for 
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them, but first there must be the willingness to under- 
take reforms and the ability to carry them through. 

But turning to other topics, there was a large insist- 
ence that entrants to graduate work should be more 
thoroughly screened as to ability, aptitude, and many 
personal qualifications. Among the latter, originality, 
creative ability, and character are perhaps native char- 
acteristics that can be developed by suitable environ- 
ment but are not to be instilled or developed when to- 
tally lacking. It is urged, however, that such qualities 
as leadership, cooperative spirit, team work, and an un- 
derstanding of “human engineering” can be developed 
as a part of graduate training. 

There is a rather general complaint of lack of inde- 
pendence on the part of the Ph.D. graduate, due in part 
to his professors’ having used him as a “‘pair of hands’’ 
instead of putting him more on his own. 

With regard to course work itself, there is slight de- 
mand for more, some for less. By far the greatest stress 
is upon more fundamentals and less practical training. 
Although there is a fair demand for more industrial ori- 
entation it is rather for the broad principles than for 
more extensive knowledge of the principles of economics 
and an ability to apply knowledge to the planning and 
conduct of industrial research. 

There is considerable desire for a better knowledge of 
foreign languages, especially German, wider acquaint- 
ance with the patent literature, better command of 
technique and of instrumentation. Several companies 
emphasized the value of the thesis and of Ph.D. re- 
search; only one thought research overemphasized. 

A very general desire was expressed for a broader 
knowledge of other fields than the one of specialization; 
the student of organic chemistry should know more of 
physical and vice versa; divisional isolation should be 
minimized by general colloquia. Some of the specific 
subjects in which a few companies thought more gradu- 
ate training is needed are colloids (also undergraduate), 
high polymers, mathematics, thermodynamics, princi- 
ples of chemical engineering, and biochemistry. 

The humanities received little attention—in the opin- 
ion of the speaker, much too little. One respondent 
recommended them. One opposed them on the ground 
that too frequently they open the door for the introduc- 
tion of Communistic principles. Two recommended the 
inculcation of safety principles, one each recommended 
the history of American chemical industry, current re- 
search, and a better balance between teaching and re- 
search. 

You will be pleased to know that the faculty was not 
forgotten—even fondly and respectfully remembered by 
quite a few of the respondents. Salaries were thought to 
be too low, especially of the talented younger staff 
members. There was much emphasis on the quality of 
the graduate faculty—that the members should be in- 
spiring, that there should be interchange of faculty 
members between universities, and that the younger 
men should be given more rapid promotion. — ‘ 

Also, considerable concern was felt for the overload- 
ing of faculty members with graduate students and re- 
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search men. While no individual limit per man was 
recommended, it was evident that there is a feeling that 
the optimum is exceeded in some cases. The insistence 
on close contact between research direction and the 
student is evidently an extension of the same thought. 

On the other hand, it is believed that in very small 
graduate schools one loses the advantage of broader 
student contacts and the influence of group accomplish- 
ment and productivity. One advised a minimum of 
20 graduate students per university. Another strongly 
prefers the older institutions with at least 40 years of 
experience in graduate work. One respondent aptly 
put it that “‘there'is no substitute for a good faculty.”’ 

One research director in industry felt that there has 
been some relaxation in the quality of graduate training 
during the war and that the standards should now be re- 
stored and raised. Another felt that care should be 
taken to make up the individual deficiencies of under- 
graduate training. A minor outside the field of chem- 
istry is pertinently suggested. 

The comments were not entirely free of criticism of 
Ph.D. work and of Ph.D. graduates. One writer felt 
that Ph.D.’s are expecting too high initial salaries at 
present. Another felt that the new Ph.D. is “above his 
job” in industry and he overvalues himself and must be 
“plant broken.”- Another thought the degree not es- 
sential in graduate work and that the training is often 
too academic or too specialized. 

Of course too much weight cannot be given to one or a 
few opihions. Since it is the object of this review to 
summarize, I should say that on the whole industrial 
employers seem to be satisfied with the products of our 
graduate schools in chemistry. A diversification of de- 
mands indicates that the diversification of training will 
adequately meet the needs if proper choices are initially 
made or if opportunity for subsequent adjustment and 
refitting is afforded. Most companies seem glad to keep 
the men they get and find them useful. This would 
seem to be a wise attitude in the next coming year when 
the demand will far exceed the supply of Ph.D. gradu- 
ates. ‘The Ph.D. has not only made his way in American 
chemical industry, but in large part he has helped make 
the industry. 

The Committee greatly appreciates the full and 
thoughtful responses made by research directors to its 
letter of inquiry.* Perhaps it should be recorded as a 
sort of record that at least two respondents expressed 
dismay at not receiving a full-fledged questionnaire. 

The Committee, both in its undergraduate and in its 
graduate studies which may ensue, in no way wishes to 
standardize teaching, curricula, or research procedures 
in any way which will hamper the freedom of develop- 
ing new methods, new techniques, and new approaches 
in American education. The Committee welcomes sug- 
gestions and constructive criticism at all times. 





3 Attention is called to a paper by W. A. Gibbons, Director 
of General Development Division, United States Rubber Com- 
pany, Passaic, New Jersey, “Careers in research,” Industrial Re- 
search, p. 108 (August 5, 1946), which also contains a valuable 
list of references to the literature of this subject. 








& THE UNDERGRADUATE COURSE AS 
PROFESSIONAL EDUCATION FOR CHEMISTS: 


Ir is perhaps more than a coincidence that we should 
be considering the revision of chemistry curricula at a 
time when chemists are showing widespread interest in 
their professional and economic status. In discussing 
professional status, chemists usually say little about 
deficiencies in their scientific and technical knowledge. 
Rather, the talk centers about tne place of chemists and 
chemistry in society, and raises the following questions: 
Are chemists properly educated to fill their role as pro- 
fessional men in our industrial and educational life? 
Do they exercise the leadership their capabilities war- 
rant? Do they know enough about men and affairs to 
make sound judgments when they are given administra- 
tive posts? In their talking and writing do they present 
their ideas adequately and convincingly to their col- 
leagues, their boards of directors, and to the public 
generally? These questions bear on the general, non- 
technical education of chemists, and'they add a new 
pressure to the pressures already operating on the 
undergraduate curriculum. ; 

The pressure of new chemical knowledge has been on 
us for a long time. For years we have had to discard 
old course material in our basic chemistry courses when- 
ever we introduced new. Anyone who compares a 
current textbook in genera] chemistry or physical 
chemistry with one of 20 years ago is impressed by the 
changes in course content. A corresponding study of 
college catalogs will show similar changes in the courses 
offered by chemistry departments. Even qualitative 
analysis is being reduced or squeezed out as a separate 
course partly because other courses are deemed. more 
important. The pressures of the other sciences are 
also familiar. Chemists need to know more and more 
physics, and both chemistry and physics students must 
know more mathematics. It appears that the chem- 
istry student who wants both general education and 
the fundamental courses in chemistry, physics, and 
mathematics has a crowded curriculum. 

Let us consider another fact bearing on the under- 
graduate program. According to the rules of the 
American Chemical Society a candidate is not eligible to 
full membership in the Society for at least two years 
after he receives the bachelor’s degree. Similarly, 
under thé proposed chemist’s registration acts for Ohio 
and other states, he needs four years of experience in 
addition to the bachelor’s degree before he is eligible for 
registration. These requirements appear to indicate 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic 
City, April 14-18, 1947. 


L. E. STEINER 
Oberlin College, Oberlin, Ohio 


that a man with a bachelor’s degree alone is not qualified 
to be a chemist. Nevertheless, some industries and 
the government still hire as ““chemists’”’ men just receiv- 
ing their bachelor’s degree. Until we can agree on the 
minimum and optimum educational standards for pro- 
fessional chemists we cannot easily formulate ideal 
undergraduate curricula for chemists. 

I wonder whether it is about time to recognize the 
preprofessional character of the undergraduate pro- 
gram. Certainly the undergraduate course is prepro- 
fessional for the men and women who go on for the 
doctor’s degree in chemistry. It is also preprofessional 
for men and women with the bachelor’s degree who go 
into industrial development or production, or chemical 
sales, or library work, or into administrative positions. 
For the bachelors hired in the industrial or government 
laboratories it may be claimed that the undergraduate 
work is professional. But nearly all these persons work 
as technicians at routine, technical jobs. In the past 
many men starting out as chemical technicians have 
attained substantial positions and the corresponding 
financial rewards, but not for routine work. The men 
who were promoted from the routine duties had other 
qualities and abilities. 

The problem of educating men and women for the 
graduate study of chemistry is relatively straight- 
forward. The undergraduate course should prepare 
them for the study of chemistry at the professional level 
and should develop the personal qualities they will need 
as professional chemists. In their undergraduate 
courses prospective chemists should be taught to think 
straight, to express themselves clearly both orally and 
in writing, to obtain and interpret experimental evi- 
dence, and to understand the working theories and 
methods of science in general and of chemistry in par- 
ticular. They should know enough about general hu- 
man experience and thought to see chemistry in its rela- 
tion to the rest of human activity. Their imagination 
should be stimulated and not stifled because the answers 
to real chemical problems are not found in textbooks or 
lecture notes and do not appear spontaneously from raw 
data. Their college education should give them the 
ability to meet new and unexpected situations. 

Fortunately for the adviser of students, the bachelor 
chemists who enter industry in nonroutine positions 
need an undergraduate education not too different from 
that best suited for the prospective graduate students. 
The ability to convey ideas, to lead men, to exercise 
good judgment, and to make sound decisions is essential 
for administrative work. 
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But what of the chemical technicians for routine 
jobs? If industry requires technicians at the bachelor’s 
level, someone will train them, but they should not be 
our primary concern when we are considering the pro- 
fessional education of chemists. I propose that under- 
graduate curricula for chemical technicians be sepa- 
rated as much as possible from the preprofessional and 
professional curricula for chemists. The principal 
reason is that the courses for chemical technicians 
and professional chemists should be taught differently. 
We train a technician but we educate a chemist. We 
train by work or example in the best current practice, 
but we educate by making the student understand so 
that he can improve the practice. In educating a 
chemist we don’t give him all the answers. We put him 
into situations which he must solve by getting the neces- 
sary facts in the laboratory or from the chemical litera- 
ture and then using them properly. Memory and ex- 
perimental skill may be good enough for the technician 
but the professional chemist requires initiative and 
imagination as well. 

The American Chemical Society’s Committee on 
Professional Training has done good work in raising the 
level of chemistry teaching in our undergraduate col- 
leges. At the same time it has been farsighted in keep- 
ing its minimum standards at a level that does not inter- 
fere with the general preprofessional edycation at the 
college level. The Committee has, however, not done 
corresponding work for the graduate schools where more 
and more of the professional education of chemists is 
being done. If my analysis of the role of the under- 
graduate program for chemists is correct, the Com- 
mittee on Professional Training will in the future pay 
relatively more attention to the graduate work and 
imply to a lesser degree that the undergraduate course 
represents the “professional training” of chemists. 

I have suggested that professionalchemists and chemi- 
cal technicians should be taught differently. The 
technicians-to-be frequently have trouble with mathe- 
matics, English, or other languages, or with required 
courses in social sciences. On the other hand, in my 
teaching experience I have found that the students who 
do well in advanced chemistry courses did average or 
better work in their freshman English composition 
course. This result might have been predicted, for 
students must acquire much of their knowledge from 
the printed page. They can do this only if their verbal 
skills are reasonab'y well developed. In my own col- 
lege the course called “English Composition” teaches 
skill and precision in reading as well as,in writing, and 
it is so well taught that many of our chemistry gradu- 
ates call it the most valuable course in the college. 

Similarly, courses such as economics can be taught so 
as to sharpen minds and develop appreciation of the 
uses and limitations of theory as well as to acquaint the 
student with our social problems. In these days in- 


dustrial chemists discuss economics, and atomic sci- 
entists discuss world government. It appears that 
modern chemistry interacts with our political, economic, 
and social world and that chemists need to understand 
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these relations. And, whether we like it or not the de- 
cisions made by governments have far-reaching in- 
fluences on allofus. Iam not advocating that all chem- 
ists be required to take a course in economics or any 
other specific course. For some, courses in history, po- 
litical science, or sociology would be stimulating. For 
others, a course in political economy might be better 
than one in the principles of economics. What is most 
important is that the courses be well taught. Conse- 
quently, in the undergraduate curricula there should be 
flexibility so that the student can take one of the best 
taught social science courses in his college. A required 
course in economics or English, for example, taught by 
a teacher without special ability in his field to a group of 
unwilling students taking the course only because they 
must is certainly to be avoided. 

Since the student’s time is limited the courses he 
takes involve a number of choices. Should he take the 
course in differential equations or one in advanced 
physical chemistry; a course in advanced physics or one 
in water analysis; a course in advanced organic chem- 
istry or one in history? Before we advise a student 
on his choices we want to make certain that his whole 
program is well balanced and suited to his capacities, his 
objectives, and his earlier deficiencies. The under- 
graduate who expects to go to graduate school or to 
qualify for administrative positions needs so many basic 
courses that he will not have time for many specialized 
courses in the application of chemistry. If such ap- 
plied chemistry courses are to be given to under- 
graduates, let them be given to the technicians who do 
not have the ability or interest to do good work outside 
their own narrow field. 

Some members of the symposium are suggesting a 
five-year chemistry curriculum leading to the master’s 
degree as one answer to the pressure on the undergradu- 
ate curriculum. The study of salaries of chemists made 
by our Society in cooperation with the Bureau of Labor 
Statistics in 1942 leads me to question this proposal. 
The report showed that chemists with the master’s de- 
gree had average salaries lower than had those with the 
bachelor’s or doctor’s degrees. The reason is probably 
related to the type of work the men with the different 
degrees were doing. If so, we are justified in consider- 
ing this fact when we plan curricula for our students. 

The doctor’s degree seems to be becoming the recog- 
nized professional degree in chemistry. In the future 
able men interested in research should be encouraged to 
take this degree. Some men should take a master’s de- 
gree but I wonder whether it should become the typical 
degree for the professional chemist. Observe, however, 
that the five-year course is proposed because chemists 
are becoming dissatisfied with the assumption that the 
graduate with the bachelor’s degree in chemistry has the 
education required for the professional chemist. It 
may help us clarify our ideas about the formal edu- 
cational needs of chemists. 

One mark of the professional man, distinguishing him 
from the technician, is the ability to bring his experi- 
ence and judgment to bear on a new problem. In col- 
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lege we can teach our students the basic principles of our 
science as it exists today but we cannot predict the 
future. None of us, teachers or industrial chemists, 
have been able to rest on the knowledge we gained in 
college or graduate school. Chemistry is developing 
too rapidly. There is no.reason to believe that it will 
cease growing. Consequently, it is our duty to gradu- 
ate men and women with the ability to grow and to as- 
sume leadership in a changing world. A finished prod- 
uct may be a beautiful thing, but when it becomes worn 
and obsolete it loses some of its attractiveness. In the 
long run our graduates will be better off if they are 
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broadly enough educated so that they can change with 
the times. 

I realize that my comments have been somewhat 
general, but it does not seem profitable to discuss cur- 
ricular details unless the main argument is acceptable. 
If the professional training in chemistry is to be at the 
undergraduate level (as it is in pharmacy) we have one 
problem. If it is to be at the graduate level (as it is in 
medicine) we have another problem. Since we have 
tried to apply a single curriculum to both objectives, we 
find ourselves discussing the difficulties in a symposium 
on curricular revision. 


CHEMISTRY AND CHEMICAL ENGINEERING 
CURRICULA IN THE POSTWAR ERA’ 


WALTER J. MURPHY 
Chemical and Engineering News, Washington, D. C. 


- Wortp War II, like all past wars, has left many prob- 
lems to be solved. Chemists and chemical engineers, in 
common with everyone else, have problems which they 
cannot escape and which they must lose no time in solv- 
ing. Scientists have demonstrated their value in a 
great emergency, and if they are to assume the position 
to which their past performances entitle them, they 
must gird themselves for the still greater responsibilities 
that now confront them. They unlocked Nature’s se- 
crets to win the war, and the immediate task is to prove 
that the scientist has not reached the limit of his capa- 
bilities, but instead has merely opened the door to the 
great world of tomorrow with its untold opportunities. 
They have made the world cognizant of the horrible 
life-destroying powers of the atom.and now they must 
direct their energies to developing the potentialities of 
nuclear energy in the battle for life and the alleviation 
of suffering. Scientists brought the Atomic Age into 
being and they will fall far short of their responsibility 
if they do not prove that the energy they have un- 
earthed is a boon instead of a menace to humanity. 
Stock must be taken to determine whether we are 
geared to cope with the situation. The question in- 
evitably arises: are our institutions of learning in step 
with the demands of an Atomic Age? As my work 
takes me about the country and as I interview the edu- 
cator on the one hand and the industrialist who is hiring 
the man out of college on the other, or when I talk with 
the students themselves, I sense an unmistakable feel- 
ing of uncertainty’ as to what should be done. 
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Wherever the subject is discussed, it raises a. lot of 
questions. G. I.’s are pouring into our colleges, many 
of them older and more mature than the average college 
student. This Atomic Age has made students more 
conscious of their responsibilities, and scientists have 
become aware that what they are developing is for both 
destructive and constructive purposes, and feel that 
they should have some voice in what is done. But are 
our curricula adapted to our present-day life and out- 
look? 

How much is it the responsibility of the college or 
university to plan a man’s career? Should the college 
professor be there merely in an advisory capacity? 
Should he assume that a man or woman who enters col- 
lege knows what he or she wants and that the province 
of the college is merely to provide the courses selected 
by the individual? Or should the college recognize 
that each student brings with him individual needs 
which must be met? Is it not a question of realizing 
that education is an over-all job for the entire day and 
that the college must effect controls over the student’s 
social day? In other words, can the student acquire in 
the classroom all that is necessary to equip him for life, 
or should provision be made for other parts of his day 
spent outside the classroom? 

In the 1920’s the trend in chemical engineering and 
in chemistry was towards specialization and away from 
cultural subjects. When I went to college, Brooklyn 
Polytechnic Institute was one of the few schools where 
that trend had not taken hold. This is no doubt at- 
tributable to the fact that the school originally was a 
small liberal arts college which ultimately switched to 
one wholly devoted to science and engineering. When 
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I was a student there between 1917 and 1921 the effect 
of having been a liberal arts college was still much in 
evidence. The president was a liberal arts man, 
whereas other schools of engineering had brought in as 
heads of their colleges men who were engineers. I have 
always had a great respect for a good foundation train- 
ing in liberal arts, no matter what pursuit one may later 
take up as his life’s vocation, and believe that we are 
making a grave mistake by not placing emphasis on 
these cultural subjects in the training of our chemists 
and chemical engineers. 

If cultural subjects are to be added to our curricula, 
what shall they be and how far shall we go in this re- 
gard? How much of the cultural background is the 
responsibility of the college or university, and how 
much should be supplied by home environment? 

Have we become critical of our colleges for the prod- 
ucts they turn out when in reality the trouble goes back 
much farther and the deficiencies should have been sup- 
plied in the home or high school? How broad a cultural 
education is the college justified in expecting of a college 
entrant? The idea seems to have become quite preva- 
lent that the college or university should give a good 
course in music, art, literature, languages, humanities, 
ete., and if students do not have a working knowledge of 
these subjects, it is the fault of the college. In my 
opinion, at least 75 per cent of such training must and 
should come from the home environment. It is too 
much to expect the university or even the high school to 
assume it. 

In addition to the cultural and scientific program, 
there is a third consideration worthy of attention— 
namely, that our graduates maintain at least a passing 
acquaintance with patent law and business. Even if 
the chemist or chemical engineer continues to work in 
those fields, he will be better qualified for such work if 
he has a rather detailed knowledge of patent law, busi- 
ness administration, and even salesmanship. Most 
chemists and chemical engineers, I believe, will find their 
pay check substantially larger if they have an under- 
standing of sales technique in its broader applications. 

Fundamentally there have not been a great many 
changes in our curricula for the past 10 or 15 years. 
The time now seems ripe to go into this matter from 
every angle and try at least to begin to evolve a plan 
and to set an ultimate goal. We can never hope for 
complete unanimity. The fact that the Division of 
Chemical Education has seen fit to devote a half day’s 
symposium to the Revision of Chemistry and Chemical 
Engineering Curricula is a healthy sign and indicates 
that those responsible for training college students sense 
the necessity of revamping our college curricula. 

Statistics reveal that approximately 2,000,000 stu- 
dents—an increase of 30 per cent over the prewar 
peak—are now enrolled in our universities, colleges, and 
junior colleges, 800,000 of whom are there under the 
G. I. Bill of Rights. If this increase in university en- 
rollment continues, and there are those who predict 
that our total college enrollment will reach the 3,000,- 
000 mark within the decade, it will lessen the earning 
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power of college training, which will be a prerequisite 
for more positions, and admission to the more desirable 
positions will be more and more restricted to those who 
have received more than a bachelor’s degree. In the 
past only about half of those who matriculated con- 
tinued in college more than two years. Is it possible, 
therefore, that at least a large portion of those who make 
up our greatly augmented enrollment could be better 
equipped for their life work by a well-planned and care- 
fully developed two-year course in a junior college or 
technical school? Are we accepting students who really 
should be steered away? Are our courses geared for the 
less capable man? 

What should be our method of attack? What types 
of students will be acceptable in our universities and 
colleges? 

Should marks obtained in college entrance examina- 
tions be the sole criteria for deciding whether a person 
should be accepted in a college or university? 

What should be our aptitude tests for those who as- 
pire to be chemists and chemical engineers? 

Do our institutions, especially State, accept more stu- 
dents than their budget is capable of properly handling- 
and include courses on highly specialized subjects be- 
cause alumni or citizens of the state ask for them? Is 
it a question of what to cut out of our curricula rather 
than what to add to it? Should we be more selective 
in the number of students admitted and restrict them to 
the elasticity of the budget and the staff? Should 
there be an orientation program for first-year students? 

Is the present four-year college course inadequate to 
do all that we would like to do to train our young people 
for the work that lies ahead? Are we attempting to 
pack too much in the undergraduate program? Shall 
we decrease the rigidity of prescribed curricula? Or is 
life being made too soft and are our students having 
things too much their own way? Some of our foremost 
institutions, including Yale, have gone back to basic 
principles and require students to do more real study- 
ing, and the faculty takes a hand in deciding what they 
will study. Certainly 20 years ago, students went to 
school for longer hours and worked much harder than 
the average college student does today. Has the time 
come for less specialization? 

Should our curricula be planned looking toward a 
five-year or even six-year course? 

Should there be less of science and engineering in the 
first four years and more of the cultural subjects, or 
should there be no science for the first two years and 
then go into it later for specialization? 

Can we pick out in the entering freshman class those 
men who are worth four, five, or six, or even eight years’ 
training? 

The criticism has been made repeatedly that we are 
not sufficiently careful about screening out those who 
desire to go into graduate work. Instead, anybody 
who cares to do so seems to be admitted. The demand 
of the age for high speed has produced corresponding 
demands in the field of technology which for the most 
part can only be supplied by graduate training. Does 
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this mean that education at the master level will be- 
come even more specialized and that undergraduate 
curricula will have to be revamped for better support 
of these specialties? 

Should we have one type of graduate development at 


one university and others ‘at other universities? Ob- 
viously, one university cannot hope to meet the widely 
diversified and rapidly growing interests of industry. 

Shall we provide a group of courses having specific 
humanistic purposes of clearly defined significance in 
the education of technical students? 

Can the humanities be taught or are they not some- 
thing that must be acquired in everyday practice? If 
we want human Ph.D.’s, should we not. first require 
that they live in a human way in a human organization? 

Some of our forward-looking colleges are now follow- 
ing the recommendations of the American Association 
for Engineering Education and have already added 
more nontechnical subjects, such as English, history, 
government, psychology, etc., to their undergraduate 
curricula. In most instances, they leave very little 
choice in these nontechnical courses to the student. 
He is required to take the course prescribed by the 
faculty. The present practice at Brooklyn ‘‘Poly”’ is 
to plan a four-year curriculum for the degree of chemical 
engineering and distribute the cultural subjects through 
the four-year program. ‘Poly’ has always emphasized 
cultural subjects. Only recently have many other engi- 
neering schools required as much English as that tra- 
ditionally required at “Poly.” The same is true with 
respect to German and economics. In the old days 
the senior option course was usually in modern drama. 
As of this year the choices are usually public speaking, 
psychology, or advanced history and government. 
Brooklyn ‘‘Poly” probably will not adopt the five-year 
program since the boys entering there are carefully se- 
lected from the excellent high schools of the area, and 
the Admissions Committee at present selects each fresh- 
man from about ten applicants. Students are encour- 
aged to follow the Bachelor’s degree with part-time 
graduate study during employment leading to the 
Master’s degree, and it is the feeling that this fits better 
the metropolitan conditions than would the five-year 
program. It seems equally satisfactory for the limited 
number of chemical engineering students who continue 
on for a Doctor’s degree. 

Other universities, for instance, Columbia, Cornell, 
Minnesota, and Ohio, have extended their under- 
graduate courses in chemical engineering to five years. 
Purdue, on the other hand, has continued with the four- 
year and one summer course, which it regards as. ade- 
quate for the ordinary graduate who is going into sales 
or the less technical aspects of production. 

The practice in most colleges seems to be that where 
the four-year courses are adhered to, the faculty recom- 
mends that the better students continue on for a M.S., 
in which they will concentrate largely on their specialty, 
and that the best students stay for a’ Ph.D. 

A great many graduates in the field of chemistry and 
chemical engineering do not remain in research. Many 








of them go into plant operation, design, technical serv- 
ice, market development, sales engineering, advertis- 
ing, patents, administration, executive and managerial 
work. Should this be taken into account and given 
specific consideration in preparing the curricula?. If 
schools of chemistry and chemical engineering would 
make a study of their graduates over 25 years, they 
would find that a relatively small percentage of their 
total graduates remain as research men for any con- 
siderable length of time. On the other hand, the cur- 
ricula seem to be designed with the idea that every re- 
search, design, and plant man will remain as research 
chemists or production men the rest of their lives. In 
the past graduates have had a woeful lack of the in- 
dustrial side, yet that is where most of them expect to 
seek employment. They have very little appreciation 
or understanding of patent law, business administration, 
or psychology to direct the activities of and get along 
with others. Can the teachers who have been instruct- 
ing for ten years or even five years teach the new de- 
velopments the students demand? 

I deel very strongly that there must be a closer liaison 
between industry and the teaching profession, possibly 
an exchange of some sort. This is now obtained by 
those teachers who are doing consulting work in indus- 
try, but it must be borne in mind that this number is 
relatively small as compared with the total teaching 
staff in our colleges. 

Should there be more emphasis placed on the com- 
bination of work in industry and the college course be- 
fore a degree is granted? Should we stress principles 
and place less emphasis upon isolated facts? 

Is it better for those who want to go into graduate 
work first to have some actual experience in industry or 
research in the field in which they want, to specialize? 
Should our courses be extended over a period of time 
and include experience in industry?. Some of our uni- 
versities are pioneering in this, but it will require gener- 
ous and wholehearted cooperation of industry to accept 
people in minor jobs who have not completed their 
training. . 

Do we attempt to make practical the knowledge that 
a man is learning as he learns it? 

Should there be part-time places on university staffs 
for top-flight executives who could deliver an occasional 
lecture or preside over a round-table discussion group? 
This would enable students to see businessmen at close 
range. In this way, the businessman would learn the 
need of the college and could critically examine what he 
expects of young men and junior executives. 

Should we have men, perhaps from the appropriate 
department of the college itself, in law, philosophy, 
political science, economics, or an engineer in practical 
work, an architect, patent attorney, etc., address the 
chemical or chemical engineering students or head an 
occasional seminar on their specialty? 

. Does such a program need an entire semester? 
Would a two-hour-a-week course in practical humanities 
be the answer? Such courses, although admittedly 
superficial, could start where the problem arises in the 
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practical humanities and give a working basis for solv- 
ing them. 

Regardless of how well trained a man is in calculating 
heat-transfer ‘coefficients, originating new ideas, and 
designing equipment, he still has to sell his ideas and 
himself to his management, client, or customer, and 
must convince them that the data he is attempting to 
obtain and interpret prove his point. Should he not, 
therefore, get more thorough training in how to speak 
and to write, how to dictate reports and get his ideas 
across? F 

We must recognize that there is bound to be a de- 
mand for men with good personalities, theoretical train- 
ing, plus practical use of experience to take executive 
positions. During the past few years, men who would 
ordinarily come up slowly as junior chemical engineérs 
have been placed in positions of greater responsibility. 
The definite trend in the chemical industry is to pro- 
mote technically trained men into managerial positions. 
Is this fact as fully recognized in our colleges as it should 
be and special emphasis given in curricula? Should 
there be special courses given with this in mind? Would 
it be advisable for a few colleges to provide courses 
leading to a Master’s degree in chemical business ad- 
ministration? 

Industry generally starts its new employees in the 
broad, general fields of production, sales, or research. 
Frequently one of the complaints made by men doing 
research in industry is that they are not allowed to 
follow their own bent and continue with a piece of re- 
search which to them may be intensely interesting but 
which holds no possibility of ultimate value to the em- 
ployer. If such men had a better understanding of the 
economics involved, they would appreciate that re- 
search, no matter how interesting, cannot be carried on 
indefinitely for the sake of research alone, but that it 
must be remunerative. Do the men who emerge from 
our universities have an appreciation of the human 
factors in life and the relationship. of the chemical and 
chemical engineering profession and the products of 
their profession on human life? 

Our democratic traditions demand that citizens as- 
sume civic responsibilities. Are all our students re- 
ceiving sufficient managerial training? What about 
their equipment to cope with industrial relations prob- 
lems? 

Are we prepared to advance the standards of living 
by the further development of chemistry and chemical 
engineering? Should our students be given a better 
understanding of world affairs? ; 

Should our young men whom the universities are 
planning to put in charge of their courses be given 
courses themselves which would steer them away from 
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the pitfalls into which more experienced research men 
often fall—that is, using terms with which students are 
not familiar or presenting ideas which the students are 
not prepared to absorb? 

Does it come back to the old question of our institu- 
tions’ paying high salaries to attract and keep good men? 

I do not expect this symposium to decide on a fraction 
of what can or should be done. I am merely trying to 
crystallize the idea that these problems are ours and 
that we must find a solution for them before they are 
eliminated. They have to be brought out into the open 
and their proper solution found. 

They are of immediate concern, not only to the edu- 
cators and students, but to the employers of the latter. 
It is too much to hope that one half day or even a full 
day spent very pleasantly in discussing these questions 
will achieve any permanent results or get answers to all 
the questions propounded. I feel very strongly that 
this should be a continuing symposium at A. C. S. meet- 
ings, so that every angle of the questions propounded 
and answers developed can be followed through thor- 
oughly and in detail. In the symposium being held 
this morning, we are hearing for the most part from edu- 
cators. The problem is broader than that. I cannot 
stress too strongly that this symposium should be fol- 
lowed by another which will place emphasis on what 
industry wants. The viewpoint of the recipient of the 
training should also be sought, as yell as that of the 
man a few years out of school and those who have been 
10, 15, and even 25 years out of college. 

But even that is not enough. 

Although a great many symposia of this kind have 
been held by different organizations, nothing concrete 
has as yet resulted. Educators may attend the spm- 
posia and return to their respective colleges and insti- 
tute some changes, but is it not time that a more definite 
approach be made to this subject? Curricula in differ- 
ent colleges have different purposes and serve different 
types of students. If these symposia are as important 
as is indicated by the number that have been held, 
would it not be advisable to take some more formalized ° 
action—possibly appoint a committee to consider the 
data presented at these symposia, and make detailed 
recommendations? The committee sltould consist of 
teachers, industrial leaders, students, and alumni, and 
might be a subcommittee of a committee that will re- 
port to the Society’s Committee on the Professional 
Training of Chemists. In other words, should we not 
begin to plan now to translate words into action? 

Our goal should be the maximum development of 
every student and we should lose no time in attaining it 
if we are to play our part as valuable citizens in insuring 
the peace, as we did in winning the war. 








AN INTRODUCTORY, COMBINED COURSE 
IN CHEMISTRY AND PHYSICS' 


For some time it has been evident that the undergrad- 
uate preparation of students for careers in chemistry is 
becoming progressively more complex. Fundamental 
chemical research is developing so many new facts and 
theories that chemistry teachers are bedeviled on the 
one hand by the problem of expanding the content of 
their courses and on the other by the demands of their 
fellow educators that chemistry students of today must 
have much more general education in order to live as 
intelligent citizens in our contemporary society. 

Three approaches for solving this problem are open 
tous: (1) we may drop some of the older subject mat- 
ter in our chemistry courses to make way for newer— 
more integrative—knowledge; (2) we may expand our 
chemistry. courses at the expense of general education; 
(3) we may extend the time devoted to undergraduate 
training. At Bard we have chosen the first approach, 
with the emphasis on the integration of knowledge. 
Since the fundamerttal theories of chemical reaction are 
being elucidated more and more in terms of physical 
(mechanical and electrical) concepts, we have tried to 
make such concepts the foundation of our approach to 
chemistry. 

The integrative concept upon which the first se- 
mester’s work is based is the atomic-molecular theory 
of matter. This approach requires a working knowledge 
of simple kinematics and dynamics. Laboratory ob- 
servations of the velocities of moving bodies at known 
times are correlated by graphing the data on Cartesian 
coordinates. The straight line relationship found is 
- analyzed algebraically to bring out the underlying 
unity of algebra and geometry as two tools for studying 
quantitative data. The basic concepts of force and 
mass are developed by similar techniques. Newton’s 
laws of motion serve to correlate these concepts. The 
equal arm balance is studied and used to determine 
densities by Archimedes’ principle. Hydrostatics and 
the concept of pressure (with particular application to 
the barometer) are included here. A laboratory devel- 
opment of the basic laws of mass relations in chemical 
reaction (conservation of mass, definite proportions, 
multiple proportions) leads naturally into the atomic 
concept of matter. Atomic masses, equivalent masses, 
and valences are studied with the introduction of sym- 
bols, formulas, and chemical equations to facilitate the 
presentation and discussion of chemical facts and calcu- 
lations. At this point, exponential notation and loga- 
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rithms are studied briefly to make calculations less ar- 
duous. 

A study of the expansion of bodies with increases in 
temperature is used to develop the empirical concepts 
of thermometry. The cubical expansion of a liquid is 
staidied in the laboratory, again using both the graphical 
and algebraic methods for analyzing data. Mechanical 
work and energy, both potential and kinetic, and the law 
of conservation of energy are studied next. 

A study of the behavior of gases under different tem- 
peratures and pressures (again using graphical and alge- 
braic methods for analyzing laboratory data) is used to 
develop the absolute scale of temperatures as well as 
Dalton’s law of partial pressures, Graham’s law for gas- 
eous diffusion, and Gay-Lussac’s law of combining vol- 
umes. The kinetic-molecular hypothesis is then intro- 
duced and the kinetic theory developed to synthesize 
the above phenomena. The concepts of molecular 
masses and velocities, the gram-molecular volume, the 
general equation of state for gases, and Avogadro’s num- 
ber are included here. ‘ The kinetic-molecular theory is 
then applied to changes of state along with measure- 
ments of specific heats, latent heats, and the mechani- 
cal equivalent of heat in the laboratory. 

The concepts so far developed in the course are now 
used to facilitate understanding the chemical reactions 
of oxygen, hydrogen, and water. The colligative prop- 
erties of nonionic solutions are next studied and inter- 
preted in terms of the basic ideas of the atomic-mo- 
lecular theory. 

The integrative concept underlying the second se- 
mester’s work is the electron-proton-neutron-quantum 
concept of atomic structure. The course begins with a 
study of electrostatics, electrolysis, and cathode rays to 
establish the atomic nature of electricity and the elec- 
tron’s ability to exist independently of other matter. 
Vector addition is introduced to facilitate the study of 
electrostatics. Next a study of radioactivity estab- 
lishes the fact of atomic substructure and leads to the 
necessity of accepting a nuclear atom. A study of the 
transfer of energy by wave motion and the laws of ra- 
diant energy (including kinds of spectra and spectral 
series for hydrogen) introduces the student to elemen- 
tary quantum theory, the Bohr atom, and the periodic 
table of the elements. The Einstein equation for the 
equivalence of mass and energy is illustrated by consid- 
ering various nuclear reactions. The significance of 
isotopes and atomic numbers emerges and the relation- 
ship between atomic structure and chemical reactivity 
is emphasized. 
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A study of d.-c. electricity is now undertaken to es- 
tablish an understanding of the meaning of and relation- 
ship between current, electromotive force, resistance. 
Some circuit theory and bridge measurements are in- 
cluded. The principles of conductance in solids are 
extended to conductance in solutions, leading to a study 
of ionization. The study of ionic equilibrium is ex- 
tended to a consideration of chemical equilibrium in 
general with an investigation of specific reaction rates 
in relation to equilibrium constants. 

The first half of the third semester of the sequence is 
devoted to a systematic study of the important families 
of the chemical elements. Elementary qualitative 
analysis is used in the second half of the semester to 
round out this study. The fourth semester of the se- 
quence is devoted to the study of further physical prop- 
erties of matter, including surface phenomena, elastic 
moduli, hydrodynamics, rotary and simple harmonic 
motions, acoustics, geometrical optics, magnetism, and 
a.-c. electricity. ’ 

The advantages of the sequence described above are: 
(1) certain factual information and the theoretical con- 
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cepts employed to interpret these facts (which are tra- 
ditionally taught both in elementary chemistry and in 
elementary physics from somewhat different viewpoints 
and with different techniques) are taught once with the 
two approaches combined; (2) the integration of chem- 
istry and physics (which has been so fruitful in research) 
is brought out more clearly in the one course than is 
customary when two separate courses are given; (3) 
mathematical tools for analyzing data are sharpened by 
constant application to many different problems in 
physical science. The disadvantages of the sequence 
are: (1) the emphasis during the first two semesters is 
rather heavy on the theoretical aspects of physical 
science with only enough facts brought in to formulate 
the fundamental hypotheses and laws studied; (2) some 
of the subject matter ordinarily covered during the first 
year of college chemistry is postponed until the fall 
term of the sophomore year. 

The author wishes to acknowledge the important con- 
tributions of Dr. Paul H. Garrett, Professor of Physics, 
and Dr. C. Theodore Sottery, Professor of Chemistry, 
to the development of the course described here. 


INTEGRATING THE COLLEGE 
CHEMISTRY PROGRAM’ 


Ix rae usual chemistry program the student takes a 
succession of courses which are intended collectively to 
give him a fair comprehension of the entire field of chem- 
istry. If all of these courses were taught by the same 
person and if he had the specialist’s command of each 
field, integration of all the information into a single, 
consistent picture would be practically automatic. 
Unfortunately, however, few, if any, such universalists 
exist; also, in the larger schools, the instruction of each 
individual student obviously must be accomplished by 
the joint efforts of a number of teachers, each a special- 
ist in a restricted field. The all-too-frequent result is 
a lack of correlation among courses. The student re- 
ceives little, if any, help in the coordination of his chemi- 
cal knowledge and it is frequently not until he reaches 
the graduate level, if ever, that he acquires a perspective 
that enables him to view his various bits of chemical 
information as integral parts of a single unit field. , 
Proper integration of courses implies, first of all, con- 
tinuity from one course to another so that each course 
utilizes as a foundation the material of each preceding 
course and in turn furnishes the foundation for subse- 
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quent courses. One way to encourage this would be to 
abandon the traditional names of chemistry courses and 
to teach only Chemistry I, II, III, and so on, using a 
logical, consistent development from each stage to the 
next. Administrative resistance and especially trans- 
fer troubles make this inexpedient, so we are forced to 
use the traditional course divisions. With this restric- 
tion, how can proper integration be secured? 

The problem, viewed realistically, is largely one of 
personnel. Every large department ‘contains repre- 
sentatives of two groups: the traditionalists and the 
modernists. Each group has its own approach to the 
subject matter of chemistry and in many respects the 
presentations are in conflict. A member of one group 
may, for example, teach the general course and a mem- 
ber of the other the analytical course. When this oc- 
curs not only is there failure to build on the foundation 
laid for the student, but, not infrequently and worse 
yet, the teacher of the second course either attempts to 
root out the previous foundation and replace it with his 
own or stubbornly proceeds to build on the foundation 
which he insists the student shouid have been given in 
the previous course. 

Before any effective progress can be made - toward 
over-all integration, there most certainly must be inter- 
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departmental accord. It seems almost silly to suggest 
that all teachers of a science must agree on what they 
believe to be true about that science. But as long as 
scientific ideas change, as long as young men stop study- 
ing and grow old in ideas, this problem of interdepart- 
mental disagreement will be with us. Teachers must 
themselves assume the responsibility of keeping abreast 
of new developments, of familiarizing themselves with 
the contents of the other courses with which their own 
course is supposed to coordinate. Course progress adds 
vectorially; therefore, if there is any deviation in di- 
rection the sum is not a maximum. It is disposing of 
the problem much too easily to say that department 
heads must become acquainted .with the material ac- 
tually being presented in the courses in their depart- 
ments and must strive continually and mightily to see 
that all these courses proceed in the same direction. .We 
cannot insist that all teachers agree on every detail of 
the subject, but they must agree on the important ideas 
that are to be presented to students, such ideas as, for 
example, the mechanism of ionization, acid-base the- 
ory, and molecular structure. 

But assuming an enthusiastic group of teachers in 
complete accord on questions of chemical fact and the- 
ory, how is the development from course to course to be 
carried out in order that each course may be built on, 
and make use of, the information from all preceding 
courses? What is the principle around which the entire 
program can be integrated? 

The most satisfactory integrating principle seems to 
be the structure of matter and the way in which struc- 
ture determines properties. If we knew all there is to 
know about the structure of atoms and of aggregates of 
atoms we would know most of what there is to know 
about chemistry. Admittedly, troublesome difficulties 
harass us in the application of the principle to specific 
courses and subject matter. Serious deficiencies still 
exist in our knowledge of the structural bases underly- 
ing common phenomena. Moreover, the structural ex- 
planation of familiar phenomena is frequently difficult. 
How, for example, do we explain in a simple way why 
KCIO; and KNO; behave differently when heated? Ac- 
tually, however, these difficulties are long-range ad- 
vantages; as gaps in our knowledge are filled in, the 
applicability becomes better and better. Also, greater 
familiarity with the material we now consider difficult 
will make it seem much easier; the graduate-course ma- 
terial of one generation is always showing up in the 
freshman courses of the next. 

The organization of the chemistry curriculum around 
the structure of matter must begin at the beginning of 
the first course in chemistry, and this principle must be 
the guiding thought in this and in all subsequent 
courses. This requires drastic revision of the usual 


courses in both choice of subject matter and order of 
presentation. We have been working for some time on 
this revision in our courses at Duquesne University. 
Some of the things we are doing can be described, but 
we still do not have the proof of the pudding—namely, 
students who have followed the program throughout. 
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The usual general chemistry course must be changed 
to one that could be subtitled Introduction to Physical 
Chemistry and Théoretical Physics. This is the critical 
course. Our development is not unlike that now com- 
ing into use in many universities: we start with the 
structure of the nucleus, of atoms, molecules, ions and 
go on from there. Much of the traditional descriptive 
material—properties of specific elements, specific com- 
pounds, industrial processes—must of necessity be ig- 
nored or, at best, covered hastily, to give time for a 
more comprehensive presentation of the major con- 
cepts of chemistry, such as nuclear chemistry, the na- 
ture of chemical bonds, the kinetic basis of chemical re- 
actions (collision theory, activation energy, the effect of 
size and shape of molecules, the statistical nature of 
reaction, etc.). 

The second course is analytical. chemistry, starting 
with quantitative and ending with qualitative. This 
reversal of the traditional order may not be justified on 
a strictly logical basis, but it proves itself pedagogically. 
The reasons for and the advantages of this arrangement 
are as follows. 

The fundamental chemical law is the Law of Definite 
Proportions. All freshmen understand this law and can 
carry out the simple stoichiometric calculations based 
on it. In principle gravimetric analysis is easy to un- 
derstand and, while the precise technique is somewhat 
demanding, the reasons for the precautions are usually 
obvious. In short, the background of information 
needed to begin reasonably intelligent laboratory work 
is already at hand. While the student is going through 
representative gravimetric determinations in the labo- 
ratory the lecturer has an opportunity to discuss 
stoichiometry, to develop equilibrium calculations, to 
present information about solubility and the nature 
and properties of precipitates. 

The same easy theoretical approach is not possible 
for qualitative analysis nor for volumetric analysis. In 
these fields the very first day’s laboratory work presup- 
poses knowledge of descriptive chemistry and equilib- 
rium relationships which cannot be covered adequately 
in less than a few weeks. If this background informa- 
tion is not available the laboratory work is more of the 
much deplored cookbook routine. The information 
presented concurrently with the gravimetric laboratory 
work, however, leads logically into emoemun work and 
into qualitative analysis. 

In these courses the aaah of the structural 
principle takes the form of greater emphasis on the 
relation of structure to solubility, of structure to degree 
of ionization of weak electrolytes, general acid*base 
theory, relation of structure to color of indicators, and 
so on. 

In the third year we give organic chemistry. It is 
placed here rather than in the second year because the 
carry-over of specific information (as distinguished from 
ideas and concepts) from the general to the analytical 
course is greater than that to the organic; hence, the 
student fixes much of the descriptive material before it 
is completely lost. 
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In the organic course we find, in general, the most 
flagrant failure to build on the general course. There is 
little carry-over of specific information and unfortu- 
nately, all too frequently, some of the important con- 
cepts developed in the first course are never resurrected 
and built upon. 

Our organic course might well be subtitled The Chem- 
istry of Covalent Compounds. Here is the chance to 
develop the structure principle to the limit—and I mean 
structure in terms of atoms and electrons, not just 
graphic formulas. Because of the fundamental nature 
of our general course we are able to present organic 
chemistry in terms of the experimentally determined 
architectural details of molecules. Knowledge of wave 
mechanics is not necessary to introduce such funda- 
mental concepts as resonance energy and its effect on 
stability and activity, and other physical and chemical 
properties of molecules. Instead of studying individual 


compounds or even individual families, we stress con- . 


tinually the comparison of the properties of the mem- 
bers of one family with those of all families previously 
studied. Students find this approach fascinating and 
they find that frequently they can predict the products 
of many of the traditional type reactions on which so 
much time is ordinarily spent. One difficulty is the 
fact that there is still a lack of textbooks in which these 
ideas are developed adequately and applied consistently. 
This indicates that the outlined presentation is still not 
common in our universities. 

The fourth course in the series is the usual physical 
chemistry. In this course a conscious effort is made to 
synthesize and integrate all the information from the 
preceding courses, along with as much as possible of the 
physics and mathematics. Calculus is used freely. 

There are no incidental or specialized courses in our 
undergraduate program. Students do not have time for 
them anyway. Our aim is not to turn out students with 
50 or 60 credit hours in chemistry but merely broadly 
cultured chemistry majors with 30-odd hours of chem- 
istry and a solid foundation of physics and mathematics, 
as well as a good exposure to languages, literature, and 
philosophy. We do have, however, special work, prac- 
tically always without formal credit, for particularly 
able and ambitious students. They can learn special 
techniques, such as glass blowing, and can undertake a 
modest research problem in their senior year. Also, we 
are developing a course in bio- and physiological chem- 
istry to be taken as an elective in the senior year, but 
this is still in the discussion stage. 

A few additional comments will forestall many ques- 
tions and objections. Our aim is to prepare men ade- 
quately for the best graduate schools of chemistry or 
medicine. The program is admittedly difficult; it turns 
out more majors in sociology and Spanish than it does 
in chemistry. We have the complete support of the 
administration in upholding the necessary standards of 
excellence. 

The most troublesome point is the quantitative.analy- 
sis. We have difficulty in completing the amount of 
work we want to do. A follow-up course in more ad- 
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vanced techniques is greatly to be desired. We ac- 
complish part of this by including colorimetric and po- 
tentiometric determinations in the laboratory work in 
physical chemistry, but more should still be done. 

The general chemistry laboratory work is a perpetual 
source of concern and will remain so until someone in- 
vents a desk-model cyclotron to be stocked in each 
freshman locker. During the month or more when 
atomic structure is the sole topic of the lectures we use 
the laboratory period for slide-rule drill, for quantita- 
tive study of physical properties, for illustration of the 
Law of Definite Proportions and similar experiments, 
but a satisfactory program has not yet been found. We 
are working to develop a set of experiments that will 
illustrate the significant points in an interesting way, 
that will be as different as possible from the experiments 
most of the students have done in high school, that will 
challenge the student’s powers of observation and de- 
duction, and that will be feasible for use in large labora- 
ory sections. It’s quite an undertaking. 

Someone is sure to object that beginning with the 
structure of matter requires the student to accept in- 
formation on faith rather than to develop concepts from 
the original experimental observations—it is deductive 
rather than inductive and therefore is contrary to the 
way in which science normally advances. This is a 
fundamental conflict that we meet in all branches of 
science teaching. The scientific method involves a 
definite sequence of four mental operations: collection 
of information by controlled experiment, inductive syn- 
thesis of the information into a generalization or theory 
or picture, deductive prediction from the generalization, 
and experimental verification of the deduction. Ideally 
we should have our students repeat this procedure under 
their own power many times during each course. But 
we run into trouble in the second step. There are no 
rules for inductive thinking—it occurs, if at all, as a 
flash of insight—and so there is no way to get our stu- 
dents past this hurdle except to lift them over—that is, 
present them with the generalization. Given the con- 
cept, however, most students can make fair predictions 
and some can devise experimental methods of checking. 
Hence we may as well start with the generalization and 
make of that what we can. 5 

In conclusion, we must remember that lack of inte- 

gration is not far removed from disintegration. Text- 
books have been growing by accretion since the days of 
Lavoisier until some are now approaching a thousand 
pages in size. Everything new has been included and 
too little of the old has been left dut. Even atomic 
bombs have not blasted phlogiston out of all of the 
freshman texts. Unless a guiding principle is adopted 
and extraneous material sloughed off, our undergradu- 
ate courses will soon become completely unmanageable. 
It is high time that we select the fundamentals and 
hammer away at them, deliberately, repeatedly, per- 
sistently. There are few ills in the college chemistry 
program that cannot be cured by enthusiastic, informed 
instructors who focus their attention on developing the 
student and working for his greatest future good. 









NEW DEVELOPMENTS IN CHEMICAL 
ENGINEERING CURRICULA’ 


As 1 other fields of education, the methods and pur- 
poses of engineering curricula are being re-examined 
and evaluated. There has been an increased emphasis 
on the basic sciences, a more objective inclusion of the 
humanities, and a transfer of the more specialized sub- 
jects of the undergraduate curriculum to the postgradu- 
ate period. The new curricula in chemical engineering 
now usually comprise three parallel sequences—in the 
sciences, engineering, and humanities—which extend 
throughout the undergraduate program. The early 
concentration of the basic sciences and mathematics in 
order to accommodate the broader programs in the cur- 
riculum has emphasized the dependence on secondary- 
school training. This has often proved to be inade- 
quate. Consequently, several schools have adopted 
five-year curricula leading to professional degrees. 
There has been a considerable increase in graduate 
work in chemical engineering, often with greater em- 
phasis on the Master’s Degree than on the Doctor’s 
Degree. 

Table 1 shows a comparison of the present curricula 
requirements in chemical engineering in eight schools in 
the United States. These have been selected as repre- 
sentative of present trends. The names of the schools 
are omitted from the list since adjustments have been 
made in order to place the curricula on a comparative 
basis, and the classification and evaluation of the 
courses have been somewhat arbitrary. For instance, 
the course credits shown in the catalogs for schools on 
the quarter system have been converted to semester 
credits. Five out of the eight schools either require 
more than eight semesters for the Bachelor of Science 
Degree in Chemical Engineering or else offer an op- 
tional curriculum by which students who enter college 
without thorough preparation in the sciences and 
mathematics may qualify for the Bachelor’s Degree. 
In some schools two degrees are offered in the five-year 
curriculum, the Bachelor of Science Degree being 
granted at the end of the fourth year and the Bachelor 
of Engineering Degree at the end of the fifth year. The 
five-year curriculum permits a broader training and is to 
be recommended for students who intend to leave school 
at the end of their undergraduate training. Many of 
these men will find positions in industry which not only 
require the highest technical skill but will also demand a 
knowledge of human relations and business organiza- 
tion. 
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Courses in chemistry occupy an important place in the 
curriculum for chemical engineering, and good teaching 
in these is essential. Most schools require two semesters 
of general chemistry and at least one semester of analy- 
tical chemistry. Much can be done toward coordinat- 
‘ing these subjects with the courses in chemical engineer- 
ing. For example, the early use of pound molar quan- 
tities and English units will prepare the student for the 
stoichiometric calculations which are essential to his 
training. New techniques of measurements and analy- 
sis are important for the applications of instrumental 
control. A knowledge of organic chemistry is almost a 
necessity for the chemical engineer in the petroleum 
industry and is useful in many of the process industries. 
Physical chemistry is a principal part of chemical en- 
gineering. Chemical technology can best be presented 
as an application of the principles of physical chemistry 
and of colloidal substances to industrial practices. 
Thermodynamics in chemical engineering must include 
the energy transformations in flowing fluids, heat trans- 
fer, refrigeration, and high-pressure effects, as well as 
reaction equilibrium. For this reason this subject is 
best taught as a course in chemical engineering rather 
than in chemistry or in mechanical engineering. Much 
interest is now being taken in reaction kinetics, espe- 
cially in heterogeneous catalytic processes. While 
these subjects are found only in the advanced under- 
graduate and graduate courses, preparation for them 
must be carried on through the elementary physical 
chemistry courses. 

Mathematics and physics form the other two bases 
of the foundation on which chemical engineering is 
built. Calculus should be presented as early as possible 
in the curriculum. It may be introduced in freshman 
mathematics and continued with thorough drilling in 
differential and integral calculus in the sophomore 
year, followed by a course in differential equations. 
This permits the teaching of physics and mechanics 
from an analytical viewpoint and gives many opportuni- 
ties for setting up and solving differential equations. 

Courses in the humanistic-social subjects occupy 15 
to 20 per cent of the undergraduate program in the 
newer curricula. Several schools have specified a con- 
tinuous sequence of courses from the freshman through 
the senior year. Others provide a latitude of selection 
in literature, philosophy, history, and social sciences.” 
Broad offerings and good teaching are necessary to 
arouse the interest of the young engineer in society and 
in human affairs. Nothing promotes knowledge and 
understanding of other people so much as an ability to 
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use their language. Courses in foreign languages should 
be required of students in chemical engineering not only 
for professional reasons so that they will be able to read 
technical literature but also to promote an ability and 
fluency in English. A recent survey of schools accred- 
ited by the American Institute of Chemical Engineers 
shows that approximately one-third require some for- 
eign language in the undergraduate curriculum. In 
general, French or German is specified, although re- 
cently a study of Russian is being recommended. Since 
all schools require an ability to read foreign literature as 
a prerequisite for the doctorate, it is desirable to advise 
students who are likely to continue in postgraduate 
work to take at least two of these languages with their 
undergraduate courses. 

The chemical engineering courses required for the 
Bachelor of Science degree occupy about one-fourth of 
the curriculum and are about equal in number of credit 
hours to those required in chemistry. It is desirable to 
have the student make contact with chemical engi- 
neering as early in the curriculum as possible so that he 
will learn the language and understand the applications 
of his profession. Courses in stoichiometry and chemi- 
cal technology may be offered in the sophomore year. 

The principles of chemical engineering are found in 
the applications of thermodynamics and kinetics to 
energy and material balances and rates of physical and 
chemical processes. These constitute the unit opera- 
tions, such as the handling of liquids and gases, the 


385 


transfer of heat, the absorption of gases, extraction, 
distillation, drying, and evaporation. Other engineer- 
ing courses include engineering drawing, the principles 
of direct and alternating circuits and machinery, and 
courses in materials of construction, including metal- 
lurgy and the applications of alloys and plastics. A 
comprehensive course in plant design involving all of 
these principles is often given in the senior year. This 
permits the student to integrate his training and to 
consider economic problems similar to those which he 
will encounter in the modern chemical industry after 
graduation. 

Many of the schools offering chemical engineering 
curricula are finding an increasing interest and pressure 
from certain industries to include specialized courses in 
specific fields. The food processing industry is espe- 
cially mindful of the broad training of chemical engineers. 
Special options are being offered in some schools taht 
include courses in bacteriology and biochemistry for 
students who desire to take employment in this indus- 
try. Another option which is gaining favor for inclusion 
in the curriculum is that of plastics. A recent survey 
indicates that about one-third of the accredited schools 
are now offering courses in chemical engineering de- 
partments devoted exclusively to plastics and high poly- 
mers, and others have such courses available in other 
departments. Some schools have already established 
curricula in this subject. 

In all, the undergraduate curriculum in chemical en- 





TABLE 1 


Comparison of Curricula Requirements in Chemical Engineering 





School I 


II II IV Ls VI VII 





Semesters Required 8 10 
Chemistry (47) 
General and Qualitative 14 
Analytical 9 
Organic 12 
Physical 12 
Mathematics (9) 
Trigonometry, Algebra, Analytic Geometry 3 
Calculus 6 
Differential Equations 
Physics 14 
Humanistic-Social (6) 
Rhetoric 6 
Language 
History or Economics 
Others Specified 
Chemical Engineering 
Stoichiometry and Chemical Technology 
Unit Operations 
Engineering Thermodynamics 
Thesis 
Others 
Other Engineering Subjects 
Engineering Drawing 
Mechanics and Materials 
Electrical Engineering 
Mechanical Engineering 
Others 
Other Subjects Required 
Professional Electives 
Free Electives 
Total Semester Hours 


8 -10 88 9 8 10+28 
(34) (39) (42) (27) (28) (33) 
10 1 615 9 8 8 
5 5 5 : 7 
10 10 ©6112 10 
9 9 10 8 
(15) (17) (12) 
9 9 9 


6 8 3 10 


10 10 
(22) (30. 
6 6 


12 


167 = 168 140 
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gineering is comprehensive and complete. Perhaps the 
greatest criticism is that it is too comprehensive and 
does not permit the students to exercise enough selec- 
tion of their outside courses or to have time to enjoy 
leisure and relaxation. The reading of books, the ap- 


EDUCATING FOR 


‘T'nrovcu experience gained by ten years of contacts 
with faculties and students in all parts of this country, 
I have the impression that no section of the country has 
any significant advantage over other sections in quality 
of student seeking higher education in colleges and that 
the caliber of student is, in the main, high. Especially 
is this true today when mature veterans, who know 
what they want from a college education and what they 
will do with it, form so large a proportion of the college 
body. 

Is this highly receptive, deadly earnest generation of 
students getting what it needs for the years ahead? You 
are here today asking searching questions, courageously 
taking inventory of the facts as they are, and setting 
goals toward which to work. Industry owes you all 
the help it can give you, for something like 75 per cent of 
your seniors will accept employment in industrial jobs 
when they graduate. What are the jobs they will do? 
About two-thirds of those entering industry will put 
their technical education to use either in the process of 
making products in ways that employ laws of science 
or technology or in selling such products. We call these 
fields production and sales. The other third of the new 
men coming into industry from college will join research 
and development staffs and thereby close a circle, func- 
tionally speaking. The manufacturing group currently 
produces, and the sales organization sells, products to 
make money to pay for research and development that 
will in the future give them new and better products to 
make and sell. Such association of these functions 
makes every group depend on the other two and share 
equally in the credit for accomplishment. By inherent 
traits and natural interests men are often better adapted 
to one of these fields than to the others. Those who 
get most satisfaction out of association with people are 
more likely to choose production or sales; those who en- 
joy working with ideas will usually elect a place in re- 
search. 

If when a student matriculated in college he already 
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preciation of music and art, and the enjoyment of good 
fellowship are as much a part of the engineer’s life as his 
profession. Much can be done by the faculty adviser 
in establishing a place and an interest in these so that he 
may shape a well-balanced college graduate. 


INDUSTRY’S NEEDS’ 


H. W. RINEHART © : ; 
E. I. du Pont & Company, Wilmington, Delawar 


knew in which of these three fields he intended to make 
his life’s work, or even if he knew by the time he started 
his junior year, educators would have some guides to 
follow in establishment of curricular requirements. I 
mean by this that, in my opinion, there might be some- 
what different course requirements for those who are 
going into production and sales, on the one hand, and 
those who will enter the field of research, on the other. 
But most men do not know certainly when they gradu- 
ate and some even change fields years afterward. No 
criticism is intended, for until they have actual indus- 
trial experience in a field, how can they know whether 
they will like it and are suited to it? The net result, 
however, is that you face the task of designing a cur- 
riculum that is adequate under any conditions, that 
strikes a somewhat middle course in content of technical 
subject matter and leaves enough freedom in choice of 
a moderate number of electives to equip those who know 
what they want to do to do it. Those who are uncer- 
tain may also get some help by “shopping around” on 
their electives and so reach a decision about what they 
like. 

One fact is apparent. A student who has elected to 
work somewhere in the fieid of chemistry must have a 
working knowledge of the fundamental facts of the sci- 
ence. These facts are contained in lecture and labora- 
tory courses in general, analytical, organic, and physical 
chemistry andin related fields, such as physicsand mathe- 
matics. Beyond such courses, chemical engineers will 
also have a course n chemical engineering principles 
and laboratory, and will profit by a design course re- 
quiring use of engineering fundamentals and by such 
shop experience as can be given in college. I be- 
lieve the student profits most by deep grounding in fun- 
damentals but I am not qualified to prescribe more 
specifically exact courses, amount of time spent on each, 
their sequence, and other mechanical details. The sys- 
tem of accreditation of undergraduate college curricula 
offered by the American Chemical Society and.the En- 
gineering Council for Professional Development is one 
good standard by which your courses may /be judged. 
Another is the report on their preparation which your 
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own undergraduates, now in graduate schools or in in- 
dustry, can give you if you ask them open-mindedly. 
In fact, I believe you cannot afford to overlook the evalu- 
ation of your courses and faculty which your former 
students can give you. They are old enough to have 
opinions, they are putting to the test the training you 
gave them, and they are matching it against training 
of men from other schools. 

Let me return to the subject of choice of field of work. 

It is to be expected that student and professor alike 
have paid primary attention to the satisfaction of re- 
quirements for graduation, to mechanical details of class- 
room business, to examinations, term papers, and the 
like. Through intentness on daily duties the long- 
range purpose for professional training may be lost to 
view. How and where are students to use what they 
learn? Personal acquaintance with jobs that the chem- 
ist and chemical engineer perform in industry is bound 
to point up instruction which the professor gives his 
class. I recommend that professors make an aggressive 
effort to find out for themselves what their protégés do 
with the learning they acquire. What are production, 
sales, and research jobs like? Summers spent on jobs 
in industrial plants and laboratories can be an inspiring 
experience to a professor and strengthen him in all his 
contacts with students. I believe industry will have 
summer openings in increasing numbers in the future 
and would welcome your services, but I know from ex- 
perience that right now men are not readily found. 

Students too will profit by summer jobs and will get 
experience that will make lively discussional material 
in seminars or even in “bull sessions” the following 
winter. Some schools have formalized the procedure 
for getting their students acquainted with industry by 
a cooperative schedule during the school year with 
college credit. I believe that the benefits are about a 
stand-off by either plan. The net result is certainly 
salutary and a great aid to the student when he has to 
select that permanent job which conforms to his apti- 
tudes. 

With such experience to draw on, faculty and stu- 
dents alike will more quickly recognize fields in which the 
student naturally belongs. For example, the boy who 
was busy with extracurricular activities, yet still made 
fair grades, often finds his best field in production or 
sales. I propose that both faculty and students make 
an honest effort before the last semester of the senior 
year to discover those who appear to have imagination 
and creativeness and should be encouraged to enter the 
field of research. Such candidates should be tested a 
little more certainly by such academic means as ad- 
vanced courses in chemistry or engineering, a small re- 
search problem, and seminars in which they take an ac- 
tive part. Encouragement to enter that field could then 
be given to those who demonstrate aptitude for research, 
with sounder reason than the attainment of high grades 
Few research men can be geniuses all the time, 
There is much ordinary 
But ap- 
I suggest a research 


alone. 
or need to be for that matter. 
perspiration about most research problems. 
titude for research is necessary. 
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problem and seminars as devices because both bring 
student and professor into intimate and individual con- 
tact, develop independence of thought on the part of 
the student, and inspire him to make research his life’s 
work. I doubt that such intangibles can be transmitted 
by the professor to masses of students. 

Therein lies the danger of the situation by which 
educators are confronted today. Many times more 
students are seeking higher education than can be 
accommodated, even though enrollments are increased 
enormously over capacities that were once considered 
limiting. I hear that some universities run laboratory 
sections in shifts that extend into the night, as late as 
eleven o’clock. Overnight depleted wartime faculties 
have had to be built up to unheard-of numbers at a time 
when demand is high and tempting salaries are offered 
elsewhere. In the emergency, some mediocre instruc- 
tors may receive appointments and be responsible for 


‘ the education of the next generation of college students. 


The combination of mass instruction that reduces 
chance for individual contacts between student and in- 
structor and shortage of able younger men to be added 
to university and college faculties works adversely for 
best training of the present generation of college stu- 
dents. Some relief in this shortage has come from in- 
dustry, for many able young men have left industry 
in the last couple of years to enter the teaching pro- 
fession. Industry, in spite of shortages in research 
talent, has in the main accepted today’s loss as a long- 
range gain in well-trained students for the future. 

Most of you have long recognized the value of inspiring 
instruction in the student’s first course in your depart- 
ment, for many of us can trace our interest in our field 
to that course in freshman chemistry in college. Psy- 
chologists tell us “what gets your attention gets you.” 
For that good reason your ablest teachers should be in 
contact with impressionable youths early in their college 
experience. The window decorator puts the store’s 
most tempting goods in the show windows to catch the 
public’s eye. College students are your public in the 
same way. 

So far I have referred only to education in profes- 
sional subjects. At least a few hours of credit are left 
to students to elect subjects outside the field of their 
major subject. Are electives just “filler” around some 
supposedly precious object in the center of the educa- 
tional package? I believe quite the contrary. These 
courses should provide the substance that relates spe- 
cialization to a world of living human beings. Such 
courses might be compared to the piers of a bridge that, 
though they are not the roadway, support it and the 
traffic load. They area fundamental part of the whole; 
without them there could be no bridge. 

Social-humanistic courses have a threefold purpose 
in the educational program of any college student, but 
particularly of those whose profession has such control- 
ling influence over mankind as that of scientists and en- 
gineers. First, men in technical fields need understand- 
ing background in the history of mankind and the emo- 
tions that rule the human race. They will also usually 
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work in groups in industry and be better prepared for 
their part in group effort if they have an appreciation of 
human relations. Finally, their personal lives will be 
broadened in content beyond the confines of the highly 
specialized field that provides a livelihood to most of us 
here. 

Because Dr. James B. Conant, President of Harvard 
University, is peculiarly fitted to assay education by 
standards of both an eminent scientist and a farsighted 
educator, his recent comments about humanizing the 
professions impressed me greatly. In his report for 
1946 to the Board of Overseers of his institution, Dr. 
Conant said: 
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The heart of the problem of a general education is the continu- 
ance of the liberal and humane tradition. Neither the mere 
acquisition of information nor the development of special skills 
and talents can give the broad basis of understanding which is 
essential if our civilization is to be preserved.... For such a 
program lacks contact with both man’s emotional experience as an 
individual and his practical experience as a gregarious animal... . 
Unless the educational process includes at each level of maturity 
some continuing contact with those fields in which value judg- 
ments are of prime importance, it must fall far short of the ideal. 
The student in high school, in college, and in graduate school must 
be concerned, in part at least, with the words “right”’ and “‘wrong”’ 
in both the ethical and the mathematical sense. Unless he feels 
the import of those general ideas and aspirations which have been 
a deep moving force in the lives of men, he runs the risk of partial 
blindness. 





What's Seen Gotug Ou 


The new electron microscope has a magnifying power of 200,000 
diameters, which means that 50,000 distinct particles could be 
recognized in a distance equal to the width of a hair. 

“Tt, may be possible,”’ says Dr. Edgar J. Murphy, former head 
of pilot-plant operations at Oak Ridge, ‘‘to find ways and means 
of using correct dosages and proper application of radiations to 
extend the period of youth.” 

Water itch, caused by a minute parasite from worm larvae 
which are exuded by snails, may be prevented by eradication of 
snail beds on lake bottoms with a copper sulfate-hydrated lime 
treatment. 

DFDT (difluordiphenyltrichloroethane) is reported by Pro- 
fessor H. L. Bradlow to be even more effective on insects than is 
DDT. 

Anthranilic acid is the starting material for a new, synthesis of 
saccharin. 

SN7618 is 7-chloro-4-(4-diethylamino-1-methylbutylamino)- 
quinoline and is reported to relieve malaria more rapidly, with 
fewer ill effects, than either atabrine or quinine. 

Nicotinic acid is suggested by Lt. Comdr. Meyer A. Zeligs of 
the Navy Medical Corps for relief from malarial headache. 

Invisible particles are given higher visibility by coating with a 
film of metal in a vacuum. : 

An ignition fuel which ignites at the temperature of tne cylin- 
der is fed in during the compression stroke to ignite the charge in 
place of the use of a spark plug. 

n-Capric and undecylenic acids are effective mosquito repel- 
lents. 

Nylon thread may be dyed cheaply by use of Phosphate 12, a 
new alkyl phosphate dye produced by the Victor Chemical 
Works. 

Two antibiotics have been isolated from wild ginger by Drs. 
Cavallitro and Bailey of Winthrop Chemical Company. 

Furniture of tomorrow, according to Professor O. R. Sweeney 
of Iowa State College, will carry a slight negative charge which 
will repel all dust particles, thus eliminating dusting. 

Thymine, a nucleic acid residue isolated first from the thymus 
gland, has a marked effect on patients suffering from pernicious 
anemia. ‘‘The patient,” says Dr. Tom D. Spies of Cincinnati, 


‘who has so long been pale, listless, and weak (upon treatment 
with thymine) experiences a sudden and dramatic increase in his 
strength, appetite, and vigor.” 

Bread mold, which destroys 150,000,000 pounds of bread an- 
nually, is completely destroyed when the baked bread is heated 
electronically for five seconds. 

Natural gas, according to government studies, can be used suc- 
cessfully in Diesel engines. 

A new movie projector uses ultraviolet rays to project pictures 
in a lighted room on a brightly glowing fluorescent screen. 

The principal constituent of folic acid, according to Dr. James 
H. Booth of the Lederle Laboratories, is N-[4-{(2-amino-4- 
hydroxy-6-pteridyl)amino}benzoyl]glutamic acid, more com- 
monly known as pteroylglutamic acid. 

A new synthetic lubricant is prepared by adding butanol to 
1,2-epoxypropane. 

Popeye, according to Drs. S. H. Wittwer and W. A. Albrecht, 
is all wrong about the spinach racket. Kale, mustard greens, and 
turnip greens have much more available calcium since the oxalic 
acid content is low. 

Savelon is a new synthetic fiber which is manufactured from 
peanut protein. 

U. S. Patent 2,399,282 describes the chemical peeling of po- 
tatoes by plunging them into boiling caustic, salt, and sodium 
chlorate to loosen the skins which are subsequently removed by 
rinsing in water. 

A new plant, manufacturing synthetic liquid motor fuel from 
farm residues, has been placed in operation in the United States. 

Penicillin and streptomycin, according to Dr. Hans Molitor of 
the Merck Institute for Therapeutic Research, will be useless in 
five to ten years because germs are developing resistance to these 
chemicals. ‘ 

Colorado 9, which kills flies at the low spray level of 0.1 ml. of 
5 per cent petroleum solution per cubic meter of air space, is 
1,1,1-trichloro-2,2-bis (p-bromopheny]) ethane, which is obtained 
by condensing one mol of chlorohydrate with two mols of bromo- 
benzene. 

One’s intake of air is four to seven times by weight of his intake 
of food and water. 

—Ep. F. DrcGErine 





RELATIONS BETWEEN THE DERIVATIVES 
OF THE THERMODYNAMIC FUNCTIONS 


Iw seVERAL publications in Tuis JouRNAL there is an 
emphasis on exact mathematical treatment of thermo- 
dynamics.' Recently it has been shown how the Max- 


well relations may be presented in the classroom.? It is ° 


our purpose to demonstrate that these Maxwell rela- 
tions (equations 1b to 4b), along with equations (la to 
4a) from which they are easily obtained,’ are sufficient 
to derive a vast number of the thermodynamic formulas. 

The present methods used to obtain relations between 
the derivatives of the thermodynamic functions are un- 
satisfactory. The fault lies in the lack of a general 
systematic method. Textbooks derive these relations 
in various ways, but there is no indication of how the 
author was led to choose each step or operation in the 
derivation. To the student each relationship is ob- 
tained in an arbitrary manner. He sees the desired 
result and that each step is mathematically correct, but 
unless he memorizes each particular derivation that 
happens to be used, he cannot repeat the steps. Also if 
a relationship between derivatives is needed but not 
given in the text, he is, in many cases, unable to obtain 
it for lack of a general and systematic method. 

The student may have recourse to Bridgman’s 
tables. Here 90 quantities of the type (0X), are de- 
fined, where X and Y represent any of the ten thermo- 
dynamic functions, so that the quotients of the pairs of 
them form all possible first partial derivatives. Thus 
the partial derivative (OX/0Z), may be denoted as 
(0X)y/(0Z)y. By imposing the further restriction that 
(0X)y= — (OY), Bridgman was able to reduce the num- 
ber of required quantities to 45. Nonetheless these 
quantities are arbitrarily defined and to the student the 
use of the tables appears quite artificial. 

Lerman presented a method’ based on quantities 
similar to those devised by Bridgman but redefined in 
such a manner as to permit the resolution of the 45 forms 
into fewer, more basic forms. In this method the quan- 





1 See for example, S. E. Woop, J. Camm Epuc., 20, 80 (1943). 

2 Corr, C. C., ibid., 23, 584 (1946). 

3 See for example F. DanrzEzs, “Mathematical Preparation for 
Physical Chemistry,’ McGraw-Hill Book Company, Inc., New 
York, 1928, p. 193. 

4 Bripeman, P. W., Phys. Rev. (2) 3, 273 (1914); also see “A 
Condensed Collection of Thermodynamic Formulas,” Harvard 
University Press, Cambridge, Mass., 1925, and G. N. Lewis 
anp M. Ranpatt, “Thermodynamics,” McGraw-Hill Book 
Company, Inc., New York, 1923, pp. 163-5. ‘ 

5 Lerman, F., J. Chem. Phys., 5, 792 (1937). 
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tity dXy is the “vired” of X with Y constant, where X 
and Y are any two of the ten thermodynamic functions, 
and is defined by the relation 


ox oY 
ohe oP) (sr), 


However, in using Lerman’s method, one must acquire 
the operating rules for vireds, and although these can 
be derived from the equation just given, they appear as 
a new and arbitrary set of mathematical operations. 
Were it not for the method subsequently presented, we 
would perhaps consider Lerman’s method as the one 
most suitable for student use. 

The more general ‘method of obtaining thermody- 
namic relations by the method of Jacobians as de- 
scribed by Shaw’ has many desirable features, but the 
understanding of functional determinants places this 
method outside the realm of an undergraduate course in 
physical chemistry or thermodynamics. 

The recommended method described in this article is, 
with some minor modifications, the method devised by 


_ Tobolsky’ which appears to have been overlooked by 


textbook writers. As given here the method is broken 
down into its simplest steps and is applicable to the de- 
rivatives for a one-phase system of constant mass. 
There are used the four fundamental equations follow- 
ing and the four Maxwell relations readily obtained 
from them. The student will find it convenient to add 
equations (5) and (6) to the set of equations to be kept 
in front of him during the derivation of a formula. 





TABLE 1 


dE = TdS — PdaV (1a) a .-7 33) 
Vv 
° 


a 
TdS + VaP (2a) (5 7 (5 


dH 3) p 


wW/r 


dF = —SdT + VdP (4a) (3), wi 


(Sr), ws Ch (5) 
(8), =o ° 


dA = —SdT — PdV (3a) (3 - (5 5 
av 


- (>), 


oT 








6 SHaw, A. N., Trans. Roy. Soc. London, A234, 299 (1935). 
7 Topousky, A., J. Chem. Phys., 10, 644 (1942). 
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THE METHOD 


The procedure consists of five simple steps as ex- 
plained and illustrated below. Consider the problem of 
evaluating the Joule-Thomson coefficient, (O7'/0P),, 
with 7' and P chosen as the independent variables. 

Step 1. Set up the differential equation containing 
the variables appearing in the partial derivative. For 
the case of (07'/OP), the differential equation is as fol- 
lows: 

dT = XdP + YdH (7) 


so that the sought quantity is X, since it can be seen 
that 


A oT 
* = \ap), 
In general to evaluate the partial (0B/0C) p, the equation 
to be set up would be 


dB = XdC + YdD 


Step 2. If dE, dH, dA, or dF appear in the differential 
equation in step 1 and further if A, Z, H, and/or F is not 
one of the selected independent variables, the differ- 
ential should be replaced by its value as given in equa- 
tions (la to 4a). Thus in equation (7) substitute for dH 
its value in equation (2a). Hence 


dT = XdP + Y(TdS + VdP) (8) 


Step 3. Express all differentials in terms of the two 
selected independent variables by using the funda- 
mental equation for a total differential 


ou ou 
o-@er@)e  — @ 


where u, x, and y represent any of the thermodynamic 
functions. In this case, as P and T are the independent 
variables, we have 


os os 
as ~ (57), 2? + (gp), 4° 
It then follows that 


dT = XdP+Y [7(sr), dT +T 3), dP + vaP | (10) 
Step 4. It usually is desirable to replace partial differ- 
entials involving the entropy with their equivalent 
quantities in the Maxwell relations (1b to 4b) and in 
equations (5) and (6). Thus in equation (10) we re- 
place (0S/0P), by —(0V/OT)> [from equation (4b) ] and 
(0S/0T), by C,/T [from equation (6) ], obtaining 


dT =XdP+Y [car a 1(S7), dP + vaP | (11) 


Step 5. To find the value of X equate the coefficients 
of the differentials of each of the independent variables. 
This gives rise to two simultaneous equations contain- 
ing the two unknowns, X and Y, and leads directly to 
the value of X. 

For the case in hand [equation (11)] the coefficients 
of dT yield 
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Pp 


while those of dP yield 


av 
2 yr (Sr), +2 


It follows that 
= 1f7(2V) _y]. (22 
7? aL (Sr ; v| (=), 
which is the solution to the problem. 
Occasionally the equaticn for X does not contain the 
term Y and thus the value for X can be read directly 


without solving the simultaneous equations. 
To illustrate the directness and simplicity of this 


(12) 


‘method let us take the problem of evaluating (0£/OV), 


in terms of the independent variables T and V. This is 
a widely used thermodynamic relation. Following the 
procedure described above we obtain the following: 


dE = XaV + YaT 

TdS — PadV = XdV + YaT 

(sr) aT + ($7) dV — PaV = XdV + YaT 
at) y av) r 

CAT + (sry dV — PaV = XaV + YaT 


(2P _ (28 
x =1(55),-? = (3% T 


Applied to an ideal gas this yields 


oH 
sv) on 


Step d. 
Step 2. 
Step 3. 


oF 
so that X ” 7s 


Step 4. 


Step 5. (13) 


_Since PV = RT, it will be seen that 


oT)y V 


Sr) R 
Substituting in (13) 
oH R 
we tp P= 
Applied to a van der Waals gas, equation (13) yields 
F me. 5 
wW/r Vv? 
since 
a oP R 
(P+ fA)v-y=-RT ond (5), = pag 
Substituting in (13), 


oF RT 
a), A=? 


it follows that 
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RELATION BETWEEN PARTIAL DERIVATIVES 


The problem of finding the relation between partial 
derivatives is clearly the problem of solving each partial 
in terms of two independent variables which are usually 
the same for the partials and then by simple algebraic 
manipulation arriving at the desired expression. This 
procedure is essentially that employed when one uses the 
tables of Bridgman. 

Thus to find a value for (0S/0P),(0T/OS)p when T 
and P are the independent variables, first find the value 
of (OS/2P), by the method recommended, obtaining 


3B) y V 


aP)y ~~ T (4) 


yi 


and then evaluate (07'/0S),p where again T and P are the 
independent variables, obtaining 


oT Mi 
7) a2 am 
Multiplying (14) by (15) we obtain 


=) or er 
bade pomgeen See 


P) a oS) p C'> 


An interesting case is that of finding an expression for 
C, — C, in terms of T and V. First find the value of 
C, in terms of J and V. Since C, = T(0S/OT’)p we 
have to find the value of 7(0S/07'); in terms of 7 and 
V. Following the method, we have 


TdS = XaT + YaP 
where X is the 
"($), dT + (28), dV = 

XaT + (5 ty aT +(3 ve av | 
CaT +7 oT)y dV = XdT + r[ (SF 7y dT + ( vs av | 
t+ r(5r), 

) - (5), 

T(r), 


& 
: G) 


(2 : 
Li (16) 


(@ 
wV/r 


It happens to be unneccessary to solve separately for 
C. 

Applied to an ideal gas, PV = RT’, equation (16) leads 
to the well-known expression C, — C, = R since 


desired quantity. 


X = C. — = C, 


C, -— C,-= = 


= = and (sr - 
oT)/y V 7 


Substituting in equation (16) 


eT 
Spr, 2 
Cc, —-C, = RT = ® 
- PR 


Because of the general relationship of the partial de- 
rivatives 

or\ (0 oz 

3i).(32).(ae), ~~? 
au) 
a ~ 
(3 oy/s 
ous; 


where z, y, 2, and wu may be any of the ten thermo- 
dynamic functions, final equations may be transformed 
and sometimes simplified. For example, with the aid of 
equation (17) it can be seen that 


Sel 


Using this equation in equation (16) we get 


aP\ (ev 
Cn tee t (5) Sr), 


As for the general thermodynamic problem of finding 
one partial derivative in terms of three others, we take 
the following problem from Margenau and Murphy, 
“The Mathematics of Physics and Chemistry.’’* These 
authors use the method of Jacobians to obtain a solution 
identical with the one given here. Develop (OP/OT), as 
a function of C,, C,, and (O7T/0P),. This can be solved 
by finding expressions for the partials in terms of 7’ and 
V. The previous value for (O7/O0P), as a function of 
T and P [see equation (12) ] can be changed by means of 
equation (17) to yield 


(17) 


(18) 


(19) 


(20) 


37) 
(7) - 1 Ty 


P/e =a (z 
ov 


(37), 
Nar 
(3), a ee ony 

av 


(21) 


Taking the value for heat capacities appearing in 


equation (16), 
an 
Op =< Cn fee 


oP 
(sr), 
and dividing this by equation (21) it follows that 
sr) Pe, CG — Ce 
oT)v 


oT 
SP) aC? +V 
8 Marcenav, H.,'anp G. M. Murpuy, “The Mathematics of 
Physics and Chemistry,” D. Van Nostrand Company, Inc., 
New York, 1943, p. 23. 


(22) 
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The method presented here has the property of being 
applicable to second partial derivatives.’ It is readily 
applied to systems where the mechanical work PdV is 
replaced by other forms of work. Further one may 
apply the method to systems with more than two inde- 
pendent variables, using the general espression of the 
first and second laws, 


dE = TdS — 2,Fide; 


where the parameter ¢, is associated with the general- 
ized force F, and the work in the change de, is Fde. 
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CONCLUSION 


It will be seen that the method recommended is 
general and makes possible the straightforward deriva- 
tion of the relations between derivatives of thermo- 
dynamic functions without unnecessarily burdening the 
“memory with many procedures or without the necessity 
of having an extensive table of equations. Each step 
by itself uses a mathematical operation with which 
students of physical chemistry are familiar and the 
method directs the student along a simple path to the 
desired relationship. 


AN EVALUATION OF SCIENTIFIC 
RUSSIAN FOR CHEMISTS 


Tse Department of Chemistry in Middlebury Col- 
lege recently considered the advisability of offering a 
course in scientific Russian in the curriculum for 
chemistry majors studying for the Bachelor’s Degree. 
In an attempt to determine the value of such a course 
compared with courses in scientific German and scien- 
tific French, questionnaires were sent to the chairmen 
. of several representative graduate schools in chemistry. 
All of these schools offer the Ph.D. Degree, and all are 
included in the American Chemical Society’s List of 
Approved Schools.!. Thirty-six questionnaires were 
mailed, and 35 schools replied. Because several of the 
schools expressed considerable interest in the problem, 
the results of the questionnaires have been summarized. 
The various questions and a tabulation of the results 
follow! 

(1) What language requirements does your school 
have for the Ph.D. Degree in Chemistry? 


Reply Number of schools 
German and French 23 
German and either French or Russian - 
Two languages 
German and one other language 
Two of German, French, and Russian 

(2) Do you accept scientific Russian as part or all 

of this requirement? 

Reply Number of schools 


Russian accepted 24 
Russian not accepted 3 
Russian might be accepted 6 


Of the 24 schools accepting Russian, 14 stipulated 
1 Chem. Eng. News, 24, 3301 (1946). 
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their acceptance was as a substitute for French but not 
for German. Of the six schools which might accept 
Russian, three stipulated their acceptance was as a 
substitute for French but not for German. 

(3) How do you rate German, French, and Russian 
scientific literature in their relative importance to 
chemistry? 

Reply Number of schools 


German most important 34 
German and Russian most important 1 
Russian second in importance . We 
French second in importance 14 
French third in importance 18 
Russian third in importance 14 


(4) Do you think a course in scientific Russian should 
be considered as the equivalent of either scientific Ger- 
man or scientific French in a study program leading to a 
Bachelor’s Degree? 

Reply Number of schools 


Russian equivalent to French 25 
Russian equivalent to German 12 
Russian not equivalent to French 8 
Russian not equivalent to German 20 


In general, the results of this poll of language require- 
ments and opinions are that German literature still 
ranks more important than French or Russian for the 
chemist, and Russian has gained a slight margin over 
French for second in importance. Several schools ex- 
pressed the belief that in the future Russian would con- 
tinue to gain in importance while German and French 
would decline. The vast volume of German journals 
and reference books now on hand will cause a knowledge 
of German to be indispensable for some time to come. 








PORTABLE CONDUCTANCE AND FARADAY’S 
LAW APPARATUS FOR GENERAL CHEMISTRY 


Tus Nore outlines the major features of two portable 
pieces of apparatus, easily constructed by an instructor 
or college shop, which have given over six years of ex- 
cellent service in general chemistry courses at Brooklyn 
College. 


Conductance Apparatus, Front View, Showing Rear Panel 
in Partially Raised Position 


Figure 1. 


The apparatus illustrated in Figure 1 is used to 
measure the relative conductances of various types of 
electrolytes. The box, of internal dimensions 9” X 53/4” 
X 51/,” and provided with a rear panel sliding in grooves 
and held in the closed position by one screw, cqntains 
four dry cells, size number six. The series circuit com- 
prises these cells, an inexpensive Readrite milliammeter 
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of range 0 to 200 mamp., a 6-volt, 0.25-amp. radio pilot 
light with jewelled bullseye, and a momentary push- 
button switch, all mounted in the box top; and two 
projector-type graphite electrodes, 6 mm. xX 6”, 
mounted.in the assembly visible on the left side of the 
box. The L-shaped piece of wood, set with its bottom 
6 inches from the base of the box, acts as a beaker stop 
to insure constant electrode immersion during measure- 
ment, which is routinely done with 50 ml. of test solu- 
tion in a 150-ml. beaker. Both electrodes, held in their 
brass sleeves by set screws, are capable of vertical ad- 
justment, and the horizontal distance between them 
may likewise be adjusted. The apparatus has proved 
outstanding in cheapness and durability, and gives 
sufficiently accurate results for general chemistry work. 

The function of the Faraday’s law apparatus, il- 
lustrated in Figure 2, is to distribute safely from a 110- 
volt d.-c. line outlet a limited and measured amount of 
current simultaneously and independently to each of 
the groups of electrolytic cells being operated on one 
laboratory bench. The desired number of similar units 
connected in parallel are mounted in line on a board, 
measuring about 1’ « 1’ X 11/4,” per unit, which rests 
on the laboratory bench. Each unit contains an in- 
expensive Readrite ammeter of range 0 to 1 amp., a 60- 
watt, 110-volt lamp, a double-pole, single-throw knife 
switch, and protruding leads of convenient length, made 
of single conductor, rubber covered, flexible wire, and 
ending in standard 2-inch battery clips to which are 
fastened the cell electrodes. The concealed connecting 
wiring is single conductor stiff wire, and the lead to the 


Figure 2. Faraday’s Law Apparatus 
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board. The apparatus is rugged and foolproof to a high 


polarized plug connecting with the building line is all- 
degree, and no injuries have been incurred in over six 


rubber cord. If desired for pedagogical reasons, the 


wiring diagram can be traced by paint on the top of the ‘years’ use with hundreds of students. 


A SIMPLE 1000-CYCLE OSCILLATOR 


Ay execrronic 1000-cycle oscillator characterized by 
a minimum of parts, good frequency stability and wave 
form, and sufficient output for most measurements 
should be a useful instrument in the physical chemistry 
laboratory. The circuit diagram and description for 
such an oscillator are given below. The simplicity and 
lack of critical adjustments have been made at the ex- 
pense of power output which still remains sufficient, 
however, to permit reasonably accurate determination 
of resistance or of the conductance of a solution by 
means of a Kohlrausch slide wire bridge or student type 
potentiometer. 

A single, octal-base tube of the dual-triode type, a 
6 SN 7 GT, was employed as a cathode-coupled oscil- 
lator. Since satisfactory operation was obtained at low 
plate potentials, a six-volt storage battery was used for 
both filament and plate power, thereby making the 
unit independent of the a.-c. line. 

None of the components is unusually expensive, so 


sb 
































R, = 0.1 megohm, | watt 
i 3000 ohm, | watt 
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that the apparatus can be constructed from radio parts 
of ordinary commercial tolerances. The frequency is 
dependent upon the ZC, circuit, but in this frequency 
range the capacitance can be varied by a factor of about 
ten and oscillation will be sustained. Consequently, an 
inductance approximately equal to that indicated will 
serve, although if exactly 1000 cycles per second is 
desired, it may be necessary to build up a different value 
of C2 from small paper or mica condensers. Too low a 
value of cathode resistor R, results in poor wave form 
while the output drops off with increasingly high values 
of this resistor. A compromise value is 3000 ohms, al- 
though greater output may be realized with some other 
resistance if an oscilloscope is used for checking. 

It can be seen that the external circuit is in series with 
Cz so that if any appreciable capacitance is introduced 
between the output terminals, the frequency of oscilla- 
tion will change. Loading als» affects the frequency. 
In an attempt to minimize these factors the primary of 
a transformer was used as the inductance and the load 
connected to the secondary. (Actually one-half of the 
primary of a Thordarson type 54894 transformer was 
shunted by a 0.007-mfd. condenser and the external 
circuit was connected between the 0 to 15-ohm ter- 
minals.) Some improvement was noted but not enough 
to warrant adoption. 

The wave form was very good when viewed on an 
oscilloscope, although some distortion was introduced 
by the iron-core choke. The frequency stability proved 
to be excellent, for no drift was evident during several 
hours of operation. Since the oscillator does not pro- 
duce an air signal, the null point is more easily detected, 
for the disturbing background noise of the microphone 
hummer is absent. 

Determinations were made of noninductive resist- 
ances by use of a bridge circuit with good accuracy. 
Conductance measurements of solutions of potassium 
chloride, hydrochloric acid, and acetic acid at several 
dilutions gave good results. Apparently the capacitance 
of the conductivity cell is negligible for no change in 
frequency could be noted. 

The assistance and criticism of Robert Williamson of 
the Physics Department of Queens College is gratefully 
acknowledged. 





THE SOLUBILITY PRODUCT of Bismuth _ 
Oxychloride and THE IONIZATION CONSTANT 


of Tetrachloro-Bismuth Ion 


Ix re introductory course in chemistry the precipita- 
tion of BiOC!I by diluting a solution of bismuth chloride 
with water and the redissolving of this precipitate by 
adding hydrochloric acid to the suspension are com- 
monly used as demonstration experiments to illustrate 
the reversibility of a reaction. In the subsequent dis- 
cussion the reactions are usually represented by 


BiCl; + H.O = BiOCl + 2HCl 


In the course in qualitative analysis, when discussing 
the separation of Group I from later-group metals by 
the use of HCl as the Group I reagent, it is important 
to recognize the fact that a solution of bismuth nitrate 
may be encountered with a small enough amount of 
free acid in it so that, when HCl is added, a precipitate 
of BiOCl may be obtained. As more HCl is added the 
precipitate dissolves. The equation for the precipita- 
tion reaction is written: 


Bi(NO;); + H.,O + HCl = BiOCl + 3HNO; 


This case is easily demonstrated by a simple experi- 
ment using an ordinary test solution of bismuth nitrate 
which contains 10 mg. of bismuth per ml. and is 0.5 NV 
with HNO;. Five duplicate solutions are prepared, 
each containing 10 ml. of the test solution and 35 ml. 
of distilled water. To the first solution is added 1 ml. 
of 5 N HCl, which forms a fairly heavy precipitate of 
BiOCl. To the-next tubes in order are added 2, 3, 4, 
and 5 ml. of the 5 N HCl. Precipitates form initially 
in all cases, but after mixing and standing a short time, 
it is observed that a fairly heavy precipitate persists 
in the second case, moderate precipitates are found in 
the third and fourth solutions, and in the fifth solution 
the precipitate dissolves fairly promptly. A repetition 
of this experiment, except that the solutions are diluted 
to only 40 ml. instead of 45 ml., shifts the dissolving 
of the precipitate to the fourth solution instead of the 
fifth. The sharpness of break between the persistence 
of a moderate precipitate and its complete dissolving 
has led ‘to a search of the literature for the equilibrium 
constants that might be involved. 

Latimer, in his book on “Oxidation Potentials” 
(Prentice-Hall, 1938), gives a tentative value for the 
solubility product of BiOCl, taken from the calcula- 
tions of Feitknecht [Helv. Chim. Acta, 16, 360 (1933) ], 
assuming that the precipitation of BiOCl involves the 
reaction 

Bi+++ + 20H~ + Cl~ = BiOCl + H,0 


R. K. McALPINE 
University of Michigan, Ann Arbor, Michigan 


The expression for the solubility product thus takes the 
form 
Lsion = [Bit**] X [OH~}? X [CI7] 


The value given by Feitknecht is 1.6 X 10-*!, based 
on the experimental work of Jellinek and Kiihn [Z. 
phys. Chem., 105, 337 (1923) ], but Latimer inserts the 
caution, ‘“There seems to be some question about the 
determination of the concentration of Bit++ upon 
which the constant is based.” An examination of the 
original experimental work confirms the doubtraised by 
Latimer. 

In brief outline, these authors prepared a series of 
solutions of Bi,O3 in varying concentrations of HCl, 
diluting sufficiently to produce slight precipitates of 
BiOCl, and then letting stand 18 to 20 hours at 18.5°, 
with frequent shaking, to reach equilibrium. Measured 
portions of the solutions were then analyzed for bis- 
muth and chlorine and the data calculated to mols of 
Bi,.O; and mols of HCI per 100 mols of water. Among 
further experimental studies of these solutions, potentio- 
metric measurements were made on several of them 
with a bismuth electrode, using a normal calomel elec- 
trode for reference.. After correcting for “contact 
e. m. f.”’ these data were then used to calculate the 
corresponding concentrations of Bit++ on the assump- 
tion that in the most dilute solution the bismuth was 
all present as Bit+*+. The results for these solutions 
were then summarized as shown in Table 1. 





TABLE 1 
Solutions as Reported by Jdellinek and Kuhn 


Per 100 mols H.O + 
Mols BiO;  Mols HCl H+ 


0.0007 0.52 0.25 
0.0165 1.18 0.54 
0.0281 1.33 0.62 
0.1175 2/20 0.94 
0.2835 3.81 1.39 








Bitt+ 


0.0014 
0.0015 
0.0020 
0.0028 
0.0072 








It is from the data in the last two columns, assum- 
ing that Cl- = H* and omitting the last line, that 
Feitknecht calculated the values for Lgioc:. However, 
no account was taken of the possible presence of such 
an ion as BiCl,~ in the first solution, which would 
affect the concentrations of both Bit+* and Cl~ if 
significant amounts were present. Further, when the 
data in the first two columns are converted to mols per 
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TABLE 2 
Recalculated Data of Jellinek and Kuhn 





Mols HCl 
per liter 


0.289 
0.656 
0.739 
1.22 
2.12 


Gram atoms 
Bi per liter 








liter by multiplying by the factor 0.556, the figures in 
Table 2 are obtained. 

On comparing the gram atoms of bismuth in the first 
solution with the concentration of Bi+++ in the previous 
table (0.00078 vs. 0.0014) it is seen that there is not 
enough bismuth in the solution to account for the Bi++* 
shown. Thus there are two uncertainties as to the con- 
centration of Bi+++ in the first solution, which was used 
as a standard for calculating the values in the other 
solutions. 

The next article consulted was that by Noyes, Hall, 
and Beattie [J. Am. Chem. Soc., 39, 2530 (1917)], 
dealing with the solubility of BiOCl in HCl. Saturated 
solutions of BiOCl in varying concentrations of HCl 
were prepared and samples of the solutions then ana- 
lyzed for their bismuth and chlorine content. These 
data were then calculated to gram atoms of chlorine and 
of bismuth per 1000 grams of water, with the density 
of the solutions given. Next, experimental studies indi- 


cated that any complex acid, such as HBiCl, which 


might be present was a reasonably strong acid, so the 
equation for the dissolving process was given as: 


BiOCl + 2H* + 3Cl~ = BiCl,~ + H20 


The concentration of H* in the solution was calculated 
by subtracting from the concentration of the chlorine 
three times the concentration of the bismuth. From 
these data the authors demonstrated that for these 
solutions the ratio 
(H*)°(Cl")? 
(BiCl, >) 

was reasonably constant. 

Applying the densities of the solutions and recalcu- 
lating the data of Noyes, Hall, and Beattie for the odd 
numbered solutions 1-15, the figures in Table 3 are 
obtained. 

By using these values in the expression for the solu- 





TABLE 3 
Recalculated Data of Noyes, Hall, and Beattie 





Gram atoms per liter 


Cl Bi 


0.0013 

0.00393 
0.00862 
0.01311 
0.01839 
0.03125 
0.05307 
0.0819 
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bility product of BiOCl, with Cl = Cl-, Bi = Bi++t+, 
and 1 X 10-14/H = OH-, the corresponding figures for 
Lesion increase from 3.8 X 10-%! to 1.49 xX 10-%, 
However, one must take into account the fact that in 
these solutions the bismuth exists to a considerable ex- 
tent as BiCl,— and the ratio of Bit++ to BiCl,~ will be 
controlled by the concentration of Cl—- and the ioniza- 
tion constant of BiCl,-. Unfortunately this latter is 
not available, but it is possible to try arbitrary values 
for it and calculate the corresponding concentrations of 
Bit+++ and Cl~- for the several solutions under con- 
sideration. Using these and the concentrations of OH- 
derived by application of the water constant, numerical 
values for Lion are obtained which may be compared 
and checked for consistency in the different solutions. 
The results of such calculations are given in Table 4. 





TABLE 4 
The Solubility Product of BiOCl as Calculated for Different 
Values for Kpici,- 





Assumed values for Kxici,- 


a 





None 0.1 0.01 0.001 0.0001 
Solution (X10-%) (X10-8)(X 1078!) (X 10-82) (<x 10-4) 


1 3.8 3.32 1.51 
3 9.12 6.45 2.66 
5 18.4 10.9 2.60 
7 26.3 13.4 2.75 
9 46.1 15.1 2.91 
11 55.8 17.9 2.86 
13 137 30.6 4.81 
15 148 27.8 2.38 





2.64 


3.72 





It will be observed that a fairly consistent set of 
values is obtained when one assumes the ionization 
constant of BiCl,— to have the value 0.01. With still 
smaller values for K, 0.001 and 0.0001, respectively, 
the corresponding figures for the solubility product show 
still greater consistency in the different solutions, but 
the difference is hardly great enough to warrant the 
selection of one of the latter in preference to 0.01 as a 
more probable value. From these data, therefore, it 
would appear that if Kgicy— = 0.01, then Lion = 
(approx.) 2.56 X 10-*!, the average of the eight calcu- 
lated values derived from the work of Noyes, Hall, and 
Beattie. 

In the light of these data it seemed an interesting 
exercise to repeat the earlier experiment on the pre- 
cipitation of BiOC! from bismuth nitrate solutions with 
more accurately analyzed reagents. Thus stock solu- 
tions of approximately 5 N HCl and HNO; were pre- 
pared and analyzed by titration with a standardized 
solution of NaOH. The actual concentrations proved 


to be 
HCl =4.90N 


HNO; = 4.86 NV 


Next a stock solution of bismuth nitrate was prepared 
by adding 50 ml. (measured with a pipet) of the 4.86 
N HNO; to 11.6 grams of Bi(NOs)3- 5H,O and diluting 
in a volumetric flask to 500 ml. A portion of this solu- 
tion was analyzed for bismuth by precipitating as Bi- 
(OH), filtering, washing, igniting to Bi,O3, and weigh- 
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ing. Another test portion was analyzed for nitrate 
radical supplied by the salt by precipitating the bis- 
muth with. H.S, filtering, washing, and titrating the 
total acid in the filtrate. From the total acid was sub- 
tracted that added as free acid originally; the balance 
was considered as HNOs, derived from the reaction 


From these data the actual salt used appeared to be 
Bi(NOs)2.76, indicating a slight loss of HNO; by exposure 
to the air. The over-all composition of the stock solu- 
tion was ; 


Bi(NO;)s; —_- 0.0507 
HNO; 0.486 


Using these stock solutions 10-ml. portions of the 
bismuth nitrate solution were diluted with exactly 35 
ml. of water. To one such solution was added 4.0 ml. 
of the 4.90 N HCl, to another was added 5.0 ml. of the 
HCl. This gave total volumes in the two cases of 49.0 
and 50.0 ml., respectively. From these figures one may 
calculate that if no reaction took place and the bismuth, 
hydrogen, and chlorine remained in solution as Bit**, 
H+, and Cl-, the data for the two solutions would be 


2nd solution 


0.0101 
0.587 
0.49 


If one neglects the formation of BiCl,— the corre- 
sponding values for [Bit++] X [OH~]? X [Cl-] would 
be 1.65 * 10-* and 1.47 X 10-*. If, however, one 
assumes an ionization constant of 0.01 for the complex 
ion, BiCl,-, and distributes the bismuth and chlorine 
in a proper manner between Bit*++, BiCl,~, and Cl-, 
the data for the two solutions turn out to be 


2nd solution 


1st solution 
0.0103 
0.50 
0.40 


[Bit++] 


Ist solution . 
0.0038 
2.0 X 10-4 
0.374 


[Bit++] 


0.0018 
1.704 X 10-4 
0.46 


According to these figures the values for [Bi+++] X 
[OH-]? X [Cl-] in the two solutions would be 5.68 X 
10-%! and 2.41 K 10-*!, 

It will be recalled that in the slow addition of the 
measured amounts of HCI to the two solutions precipita- 
tion occurred locally in both flasks, but on thorough 
mixing the precipitate dissolved completely in the 
second case while a moderate amount remained in the 
first one. This experiment suggests that the second 
solution is probably slightly less than saturated with 
respect to BiOCI and that if Kzic,— is assumed to be 
0.01, the corresponding value for the solubility product 
of BiOCl must be slightly larger than 2.41 x 10-*! 
but distinctly less than 5.68 X 10-*!. It is interesting 
to compare these figures with the value obtained from 
‘the data of .Noyes, Hall, and Beattie—that if Koic— 
is 0.01, the solubility product of BiOCl is 2.56 X 10-*! 
(average from Table 4). 

Thus it appears that the ordinary solution of bismuth 
chloride is actually a solution of BiCl~, stabilized by 
the presence of moderate concentrations of both Ht 
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and Cl-. The equation for the precipitation of BiOCI 
on dilution with water is 


BiCl,- + H.O = BiOCl + 2H+ + 3Cl- 


and the dissolving of the precipitate in excess of HC] is 
the reverse of this, involving the action of both H+ 
and Cl-. The precipitation of BiOCl on adding HCl 
to a solution of bismuth nitrate may be represented by 
the equation 


Bit+*+ + H,O + Cl- = BiOCl + 2H+* 


In the precipitation of Group I as a separation from 
bismuth, it is possible to increase the acidity to a point 
where only a moderate excess of Cl~ will be sufficient 
to keep the bismuth in solution as BiCl,-. However, 
if the acidity is fairty low a larger amount of HCl will 
be needed to prevent the inclusion of significant amounts 
of BiOCI in Group I. 

The quantitative explanation of these reactions in- 
volves chiefly the solubility product of BiOCl and the 
ionization constant of BiCl,~. In the present paper 
attention has been called to the fact that neither of 
these has been effectively determined but that experi- 


_ mental data are available from which it is possible to 


calculate the value for either one which would corre- 
spond to an assumed value for the other. From these 
data it appears that the ionization constant of BiCl,— 
cannot be significantly greater than 0.01 and that the 
solubility product of BiOCI on that basis has an upper 
limit of 2.56 X 10-%. If other experimental data 
were to indicate that the ionization constant of BiCl,~ 
is considerably less than this, the: values for Lgioa 
will be correspondingly lowered. Thus, for Kgia,~ = 
0.001 or 0.0001, the respective figures for Lgioc would 
be 3.31 X 10-* or 3.35 X 10~**. So far as reactions 
are concerned involving the precipitation or dissolving 
of BiOCl, the first of these three sets of values is suffi- 
cient to account for the results obtained. 

In considering the question of how much less than 
0.01 the ionization constant of BiCl,— may really be, 
it may be noted that E. H. Swift gives a figure, 3 X 
10~*, in his textbook (“A System of Chemical Analysis,” 
Prentice-Hall, 1938, p. 546) without indicating the 
source of this information. The only experimental 
data encountered which have a definité bearing on this 
matter are found in the potentiometric measurements of 
Noyes and Chow [J. Am. Chem. Soc., 40, 739 (1918) ] 
as compared with those of Smith [J. Am. Chem. Soc., 
45, 360 (1923)] and Swift [J. Am. Chem. Soc., 45, 371 
(1923) ]. 

In the former of these, saturated solutions of BiOCI 
in HCl were studied with a bismuth electrode, and 
from the experimental data the normal potential for 
the reaction 


H.0 + Cl- + Bi = BiOCl + 2H+ + 3e- 


was calculated to be —0.16 volt. In the latter two 
studies, dealing chiefly with dilute solutions of bismuthyl 
perchlorate.in varying concentrations of perchloric acid, 
Smith employed conductometric and bismuth-electrode 
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measurements, while Swift approached, the problem 
with equilibrium studies in the displacement of bis- 
muth by copper or the reverse. The earlier studies 
indicated that in these solutions the bismuth was 
present largely as BiO+ [or Bi(OH)2*+] with moderate 
conversion to Bi(OH)++ in the more acid solutions. 
The final data, calculated in terms of BiO+, give a 
normal potential of —0.32 volt for the reaction 


H,0 + Bi = BiOt + 2H+ + 3e- 


The difference in these two values, —0.16 volt for the 
saturated solution of BiOCl in M HCl and —0.32 volt 
for a molar solution of BiOCIO, in M HC10,-, indicates 
a corresponding difference in the concentration of 
Bit++ in the two solutions of 1 XK 10~%-6/902, or 1 x 
10-*. This means that whatever the concentration of 
Bi+++ in the solution of bismuthylperchlorate, the 
concentration of Bit++ in hydrochloric acid solution 
would be only 1 X 10-* as great. 

This, of course, merely shifts the uncertainty from 
the solution of BiCl,~ to that of the BiOt+. However, 
if one wishes to assume that in the solution of BiOt 
some moderate fraction of the bismuth is actually 


present as Bit++, then the ionization constant of the . 


BiCl,~ will be only slightly less than 1 X 10-* (approxi- 
mately 10~° if ten per cent of the BiOt is dissociated, 
10- if only one per cent is ionized). 

If, on the basis of these considerations, one now 
selects a new arbitrary value for Kgia,~ of 1 XK 10-", 
a recalculation of the solubility product of BiOC] from 
the data of Noyes, Hall, and Beattie gives the figure, 
Lsion = 3.16 X 10-*, as an average value, the indivi- 
dual figures ranging between 2.78 and 3.72 (X 10-*). 
With these new values in mind, the data on the more 
exact precipitation experiments were subjected to re- 
calculation. Thus, if Ksic = 1 X 10~-", then in the 
first of these solutions where precipitation of BiOCl 
occurred, [Bi+++] X [OH-]? X [CI-] = 8.92 X 10-*®. 
In the second solution where the initial precipitate dis- 
solved fairly promptly on mixing, the corresponding 
product is 3.22 X 10-%*. This last figure does not 
fit into the picture quite as satisfactorily as did the 
earlier one, since 3.22 X 10-* is slightly larger than 
3.16 X 10-*, and yet the solution is undoubtedly 
slightly less than saturated with BiOCl, judging from 
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the readiness with which the precipitate dissolved. 
- However, the chemist who has worked in such fields and 


realizes the difficulty of obtaining concordant data from 
independent experiments will not consider ‘this slight 
discrepancy sufficient grounds for discarding these 
figures in place of the former ones. Rather, he will be 
inclined to marvel that the results are as close as this. 


SUMMARY AND CONCLUSIONS 


Attention has been called to the fact that in experi- 
ments involving the precipitation of BiOCl and its 
dissolving in HCl, it is necessary to consider both the 
ionization constant of BiCl,~ and the solubility prod- 
uct of BiOCl. An examination of the literature shows 
that neither of these quantities has been determined, 
but the maximum values which they could have are 
Ksia,~ = 0.01 and Legion = 2°56 x 10-31, Other 
data in the literature indicate that these values are too 
high by a factor in the general range of 1 X 10°. If, 
on this basis, Kzic,— is assumed to be 1 X 107", 
then Lsion = 3.2 X 10-% Either set of values for 
these two constants will afford a satisfactory explana- 
tion of the several reactions involving the precipitation 
or dissolving of BiOCI. 


Note: It may be observed that the possible presence 
of BiCl;—— in these solutions has not been, mentioned, 
although Noyes, Hall, and Beattie gonsider this possi- 
bility and are probably responsible for the frequent 
appearance of this ion in discussions of bismuth chloride 


solutions. However, these authors point oat that in 
their most concentrated solution there is not sufficient 
chlorine present to form such an ion; therefore, they 
believe that it would only be present in the more dilute 
solutions. But this is contrary to the usual situation 
where such series of iong have been studied, and it is 
possibly due to this latter fact that the statement of 
Noyes has commonly been misread, as appears to be the 
case when Latimer states (loc. cit., p. 114): “For moder- 
ate concentrations of the acid, the ion BiCl,~ is prob- 
ably formed and the ion BiCl;~~ is formed at higher 
concentrations.” In view of this situation it has 
seemed reasonable to assume that in the solutions being 
considered, only BiClk— was present in significant 
amounts. 


I hate the guys who criticize 

And minimize the other guys 
Whose enterprise has made them rise 

Above the guys who criticize 

And minimize the other guys. - 
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INDUSTRIAL CHEMICAL RESEARCH 
AND THE THEORY OF INQUIRY 


Tue pace of progress in chemistry has compelled 
chemical companies to recognize research as an integral 
part of their business. There is less risk involved in 
carrying the burden and hazards of research than in ig- 
noring. or underestimating its import to economic 
survival. Making genuine contributions to the indus- 
trial arts and maintaining a continual flow of tech- 
nological advance have proved to be the safest insur- 
ance against disintegration and failure. Not mere love 
of science, not social or moral doctrines, but practical 
wisdom in matters of personal economic interest has 
made American chemical industry “research conscious.” 

One serious obstacle, however, interferes with an un- 
restrained utilization of research as an instrument of 
private industrial enterprise—that is, its very low 
economic efficiency. Because of its complexities and 
peculiarities, research does not lend itself to statistical 
evaluation, but its economic efficiency—the rate be- 
tween effort and economic achievement—is generally 
appraised as being as low as one per cent. To cite two 
of many similar opinions of leading executives: Mr. 
W. B. Bell,! President of the American Cyanamid 
Company, in an address delivered before the American 
Section of the Society of Chemical Industry in New 
York, 1940, made the following statements: 


In the Cyanamid company we are more than delighted if two of 
the hundred ideas that we start in the race eventually yield any 
substantial profit. If one in two hundred were to put us in a 
great basic industry with large profits over a long period of years, 
we would now be the greatest company on earth. 


Mr. Charles Kettering,? head of General Motors’ re- 
search organization, testifying in the Temporary 
National Economic Committee Investigation, said the 
following: 

You see, our staff fails so often; it is about 99 per cent failure, 
and our biggest problem is to keep the men enthusiastic. Es- 
pecially, a young fellow will come in and set up something and 
develop it, and it does not work; then he is all down. We say, 
“You are just an amateur failure; you have to learn how to fail 
over and over and over again.” But after they understand that, 
there is no trouble about working together then. 


Growing more and more research conscious, industry 
has become more and more concerned about this un- 
comfortably low capacity of research to produce the de- 
sired results. Research itself has turned into a prob- 
lem; and this problem is now being widely investigated, 
analyzed, and discussed in literature and private con- 





1 Bett, W. B., Ind. Eng. Chem., News Ed., 18, 189 (1940). 
2 Cited in a decision of the U. 8. Court of Appeals, Official 
Gazette of the United States Patent Office, 567, 174 (1944). 
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versations. This “inquiry into inquiry” centers 
mainly around the question of how to increase the 
economic efficiency of industrial research (a) by im- 
proving the methods used by industry in organizing, 
directing, and controlling—in short, managing—its re- 
search affairs, and (b) by improving the professional 
education and training of research chemists in order to 
improve their skill in solving problems. 

It is the purpose of this paper to draw attention to the 
“Theory of Inquiry” as developed by Charles §S. Pierce, 
William James, and John Dewey, which theory ap- 
pears to be the only tool adequate to the proposed end 
of improving the efficiency of industrial research. Be- 
fore introducing this somewhat intricate topic, it may 
serve first to point out the particular position of re- 
search in industry. 


THE FUNCTION OF RESEARCH IN PRIVATE 
INDUSTRIAL ENTERPRISE 


In studying the relationship between industry and re- 
search, it should be recalled that industry’s primary con- 
cern lies not in research but in production. Research is 
wanted not as an end but as a means of getting other 
things. Industry works on a model given in advance, 
“recomposing the same whole with the same parts, re- 
peating the same movement to obtain the same result.’’* 
The point.of departure of industry is, of course, in- 
vention; but invention does not become industry until 
it has been developed into a design, a prototype, for re- 
production. Industrial production goes on as long as its 
results are economically or nationally valuable. In 
modern times products (and processes of their manu- 
facture) age very rapidly. They become out-of-date, 
so that continued production can be maintained only if 
improved or new models are held in readiness to replace 
obsolete ones. But this rapid aging of products and 
processes is a specific characteristic of the last few 
decades only; some 50 years ago the aging process was 
so slow that industry did not have to be too much con- 
cerned about it. Salesmanship, the art of advertising, 
and trade agreements kept profitable production going. 
At that time new technological ideas were born and 
carried through the pioneer stages almost exclusively 
outside of established industry. Not until it became 
evident that models have to be improved or replaced 
periodically and not until these periods grew shorter and 
shorter did it occur to industry to guard itself against 
revolutions from without by deliberately instituting a 





* Bercson, H., ‘Creative Evolution,” Henry Holt and Com- 
pany, Inc., New York, 1937, p. 164. 
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systematic evolution from within. Thus, organized re- 
search became a means of keeping production going in 
this quickly changing modern world of ours. For the 
first time in history, industry “‘has set itself the problem 
of combining the stability of routine with adaptations to 
fast and continuous change.” 

Modern industry believes in research in spite of its 
low economic efficiency because organized research has 
proved to be capable of providing the knowledge which 
is necessary to insure continuity (and expansion) of 
commercially profitable production. In this respect 
there is no difference between research activities aiming 
at short range and those aiming at long range objec- 
tives; both are to provide knowledge not for its own 
sake but for the sake of the settlement of some issue 
directly or indirectly involved in the task of improving 
the present and preparing the future models of produc- 
tion. Whatever else research is or is not, its logical 
economic function as an instrument of private indus- 
trial enterprise is to assure continuity and expansion of 
profitable production. 

We should, however, guard ourselves against the mis- 
conception that whatever goes on in industrial research 
affairs is actuated by plain logical or simple economic 
motives. In research affairs, as in other human activi- 
ties, the psychological permeates and sometimes 
dominates the logical sphere. 

There is no better way of failing to understand social phenom- 
ena than to assume that each action or thought happens because 
of some one cause.... The logical and economic purposes of 
men form a single thread in the total pattern of their lives, other 
strands of which are their affections and dislikes, their skills, 
their interpretations or understandings of events and 
things about them, their many impulses and desires, and their 
accustomed forms of collaboration. Each person’s way of life 
is composed of innumerable factors of this sort, and each factor 
is itself determined by the remainder. The activities of people 
are thus a manifestation of a complex and mobile balance between 
all the forces and tendencies of which they are composed.® 


Research is no exception to this general truth, in- 
dustrial research activities are a manifestation of a com- 
plex and mobile balance between logical and psycho- 
logical forces and tendencies of all the persons involved 
in it. . Therefore, if we want to understand the character 
of industrial activities, we will have to separate, in con- 
ception, the logical from the psychological factors in 
order to approach adequately the respective faotors 
from the corresponding sides. 


THE CONDUCT AND THE STRUCTURE OF 
INDUSTRIAL RESEARCH ORGANIZATIONS: 


In order to get a sketchy picture of how research is 
being handled in modern industrial concerns, we may 
divide the various stages in the conduct of industrial re- 
search activities into three groups—research policy, re- 
search strategy, and research tactics. That we can 
think of the conduct of industrial research affairs in 





4 Warrencap, T. H., ‘‘Leadership in a Free Society,’’ Harvard 
University Press, Cambridge, 1944, p. vii. 
5 Ibid., p. 11. 
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terms of military affairs is no accident, for there exist 
certain analogies, certain similarities of relations, be- 
tween the conduct of war and the conduct of large in- 
dustrial research organizations. The “art of warfare” 
has been highly developed, both practically and 


. theoretically; the art of industrial research leadership is 


still in its infancy. Therefore, we may profit by at- 
tempting to apply the existing knowledge about the 
subject to which we are accustomed (warfare) to the 
more or less unfamiliar subject (research leadership) 
about which very little is known at least theoretically, 
The analogy is, of course, imperfect, but its imagery will 
serve here two purposes: first, it will provide a quick 
orientation in an otherwise obscure environment; sec- 
ond, it will be helpful later on in economizing the 
presentation and discussion of some of the problems of 
industrial research. 


We should, however, keep in mind that such complex 


human activities as industrial research cannot truly be 
divided into isolated, self-contained compartments in 
the manner in which a piece of machinery can be taken 
apart. In conception the borderlines between policy, 
strategy, and tactics are distinct, but in reality they are 
shadowy and it will sometimes be difficult to decide 
where one movement ends and the other begins. 

A given company’s research policy is part of its indi- 
vidual business policy. The same chief executives who 
conduct the company’s industrial business affairs de- 
termine when and how organized research is to be used 
as a means of satisfying the company’s economic needs. 


The individual character of a company’s research 
policy is shaped by many elements of a logical and non- 
logical kind. Some of the logical factors are the finan- 
cial and technological capacity of the company, new 
scientific and technological developments in the com- 
pany’s own and related fields, general economic, social, 
or political changes, etc. Elements of a nonlogical kind 
which influence the character of research policy are the 
personal views of the chief executives on the various 
aspects of the “industry-research”’ relations, their 
preferences and prejudices, “their many impulses and 
desires, their accustomed forms of collaboration’”’—in 
short, their mental and emotional approach to the prob- 
lem of how to use research as an instrument of private 
industrial enterprise. 

Industrial history shows a great variety of all shades 
of research policies from the Fabian policy of ‘watchful 
waiting” over the careful policy of directing small re- 
search forces at moderate objectives to the gambling 
policy of throwing one’s whole strength daringly in one 
direction. Research policy will be good or otherwise, 
depending on whether or not it keeps profitable produc- 
tion going. 

The company’s individual research policy determines 
the master plan, the grand scheme of research strategy. 
The chief executives enforce their research policy and 
intervene in the strategy of research campaigns already 
underway by authoritative decisions, concerning prima- 
rily (a) research expenditure,( b) selection of the person- 
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alities for research leadership, (c) ultimate choice of the 
objectives toward which large-scale research activities 
are to be directed, and (d) ultimate choice as to which 
research results are to go into production. 

Strategy begins where policy leaves off. Strategy— 
to make use of the language of authors on war strategy 
(Clausewitz, Moltke, G. F. Elliot)—maps out the pro- 


posed course of the different campaigns and regulates- 


the “battles” to be fought in each. The main strategic 
task is the practical adaptation of the means, placed at 
the disposal of research leaders, to the attainment of the 
proposed research objectives. Policy must take heed of 
strategic considerations, while strategy need concern 
itself with policy only as the latter sets it an impossible 
task or provides it with means inadequate to the ac- 
complishment of its mission. 

It is the responsibility of the strategists to make plans 
which will bring the tactical forces under the most ad- 
vantageous conditions so that “fighting,” 7. e., actual 
research work, is reduced to the slenderest possible pro- 
portions. A strategic artist will attain results with the 
minimum risk of spending money, time, and energy by 
concentrating sufficiently large research forces on 
wisely selected problems under the most favorable cir- 
cumstances. 

The handling and maneuvering of research forces in 
action—that is, of research chemists working at the 
bench on a particular problem—is the province of 
tactics. The aim of tactics is the development and com- 
pletion of the strategic plan. The nature of tactics to be 
used in a particular situation is dependent upon the 
strategic disposition and, in turn, tactical possibilities as 
they show up in the progress of actual research work 
will redetermine the strategic plan of operation. A 
great tactical success, for instance, may completely 
overthrow the strategy as originally planned. 

Although strategy and tactics influence and some- 
times merge into one another, it may be said, in general, 
that strategy covers all planning, judging, and selecting 
of the basic lines of attacking a problem set by the 
company’s research policy, while tactics are concerned 
with leading the actual work of the research chemists in 
accordance with the strategic dispositions. 

To avoid possible misunderstandings it should be 
emphasized that the stated analogy between military 
affairs and industrial research affairs comes into bold re- 
lief only by comparing the methodical conduct of the 
respective organizations, not the two activities them- 
selves. In fact, these two activities—“fighting’”’ and 
“reflective thinking’—are diametrically different in 
nature. 

“Fighting” in the sense of attempting to destroy an 
enemy is a physical contest; it means attacking an 
obstacle by brute force, blows, or weapons. There is 
not much time for reflective thinking in single combat; 
in military affairs the higher intellectual efforts lie ex- 
clusively in the planning of campaigns and in the 
methodical conduct of the military organization. 

The research chemist, too, struggles with obstacles, 
but these obstacles cannot be attacked by brute force; 


401 


they cannot be defeated physically. They have to be 
investigated, inquired into, and experimented with in 
order to be cleared up intellectually, scientifically. In 
industrial research affairs, not only planning of the 
campaigns and conducting of the research organization, 
but also the activities of the individual chemist as well, 
are exclusively intellectual operations. 

The stated similarity exists, therefore, in so far only 
as both kinds of. activities—“fighting” and “doing re- 
search work’”—are capable of being organized, inte- 
grated, and methodically conducted toward a distinctly 
conceived practical end according to preconceived 
plans. In both cases the respective organizations im- 
pose on their members the obligation of making their 
individual efforts subservient to the practical goal of 
the enterprise that instituted the organization. 

Breaking down the distinction between policy, 
strategy, and tactics does not matter much in the case of 
a small or one-man enterprise. The inventor-indus- 
trialist, in the early years of his enterprise, decides for 
himself all strategic and tactical questions in accordance 
with his own individual policy without being aware of 
exercising different functions. To the small group of 
chemists he may employ he will be the leader somewhat 
in the primitive sense of the word: an example to follow. 
“There is little implication of an organizing function in 
such leadership.”* As long as an enterprise stays small 
its owner or manager plans, directs, selects, and con- 
trols every phase of both production and research; 
he leads from within under his own responsibility, free— 
or comparatively free—from external relationship and 
free from the bonds of an internal organization. 

The research chemists of a small company, while 
living or at least functioning in close proximity with 
their boss who is at once their chief executive and their 
group leader, receive their tactical instructions to- 
gether with a good deal of the logical and nonlogical 
motives behind the operations they are asked to per- 
form. They get many first-hand impressions of the 
actual business-life situation, the antecedent, existen- 
tial conditions which occasion their research work. 
They experience the original troubles, difficulties, and 
perplexities the company is up against, and they witness 
and sometimes participate in the shaping of the com- 
pany’s research policy and strategy. 

Such conditions, which of course differ from company 
to company, are, in general, beneficial to the quality of 
research work for the following reasons. First, the 
chemist is aware of directly assisting the technological 
and economic needs of the company, and this involves 
the psychologically important satisfaction of meeting a 
visible situation of actual life interest. ‘“...It is a 
well-known fact that people will not work cheerfully and 
well for an adequate income if the work itself is judged 
by them to be useless.” Under the above conditions, 
however, even frequent changes in the research pro- 
gram, which otherwise are usually resented, declare 





6 Ibid., p. 68. 
7 Ibid., p. 284. 
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themselves as dictated by the needs of the company. 
Second, his intuition is stimulated by his knowledge of 
the total industrial business situation, the environment 
out of which his research problems arise. Third, his 
initiative gets encouragement because he not merely is 
invited to have ideas but is given the opportunity of 
taking the responsibility for his suggestions and witness- 
ing their ultimate consequences. Thus, a small com- 
pany under favorable management will promote the 
originality of its research chemists, and the research 
chemists of such a company will tend to become self- 
organized around the prosecution of the aims and in- 
tentions of management. There is no need of setting up 
an elaborate organization which plans, directs, and con- 
trols all tactical movements. 

As the company grows in size, expands into new fields, 
and intensifies its research activities, a process of de- 
centralization of management sets in; the research 
organization acquires an elaborate structure which 
eventually necessitates a differentiation in the functions 
and responsibilities of research management. Policy, 
strategy, and tactics of research turn to separate and 
distinct agencies, which are now being discharged by 
different persons or groups of persons. 

We are indebted to Mr. E. K. Bolton® for a highly in- 
structive history of DuPont’s research organization. 
The period that covers what is usually called the in- 
dustrial revolution is described as follows: 


In 1911 a centralized Chemical Department was established 
to take care of all research activities of the company, and this 
plan continued in operation for about ten years. In 1921, how- 
ever, a complete reorganization of the methods by which the 
business of the company was conducted marked the beginning 
of our present decentralized plan of research. Under this plan 
the manufacturing departments were organized with research 
divisions, the personnel of which was drawn from members of the 
Chemical Department; these research divisions were, and still 
are, responsible only to the general managers of the depart- 
ments. Furthermore, directors of the research divisions are on 
the same organization level as directors of production and sales. 

The organization remaining after departmental research divi- 
sions were established constituted the nucleus of a central 
Chemical Department, with laboratories at the Experimental 
Station. This Chemical Department was wholly independent 
of any manufacturing department, reporting directly to the 
president and Executive Committee. The director of the Chemi- 
cal Department has the same status as general managers of 
manufacturing departments and directors of auxiliary depart- 
ments. He serves as adviser to all departments on research 
matters. 


Taking DuPont’s present research organization as 
illustrative for the handling of research affairs in large- 
size chemical concerns, we may sketch the general 
structure of modern research management as follows: 

President and executive committee constitute the 
policy-making group which in conjunction with the 
central chemical department (research high command) 
determines the master plan, the grand scheme of re- 
search strategy. It tells what to do. The central de- 
partment in cooperation with the directors of research 
divisions map out the strategic plan of attack. It tells 





8 Boiron, E. K., Ind. Eng. Chem., Anal. Ed., 37, 108 (1945). 
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how to do it. And each research director maneuvers 
his research chemists according to his own system of 
tactics. He endeavors to do it. 

The research chemists within each research division 
are divided into tactical units, each unit receiving its 
tactical instructions from the research director. A 
tactical unit may consist of a single chemist or of a group 
-of several chemists. A group unit may be organized as a 
“team,” its members working cooperatively on one and 
the same problem or on different parts of the same 
problem, usually under the guidance of a group leader. 
Or, the group unit may consist of a head and his assist- 
ants, the head assigning definite tasks to the members 
of his group. Short-range problems, such as “sales- 
research,” “‘trouble-shooting,’”’ are usually turned over 
to single chemists or small group units; long range 
problems, such as development of new products, funda- 
mental research, to larger groups. Single chemists or 
small group units are sometimes used as “skirmishers” 
to scout the possibilities of new ideas and provide in- 
formation for strategic decisions. Many variations and 
combinations of tactical formations are, of course, 
possible. 

To complete the analogy with military affairs, we may 
designate the operations of a research director maneu- 
vering his research units as “grand tactics” and the 
performance of a group leader leading the members of 
his group in actual “combat” as “minor tactics.” 

We may now represent graphically the structure of a 
modern research organization showing how the rela- 
tions of the parts involve the relations to the whole. 

Within this structure we can easily distinguish three 
groups each having its own explicit common purposes 
and functions. 

(A) The research chemists at the bottom of this 
hierarchy are a distinctly tactical force with little or no 
immediate knowledge of the company’s research policy 
and research strategy. As compared with the chemists 
of a small company they will seldom have the oppor- 
tunity of getting a first-hand impression of the logical 
and psychological background of their work and the 
industrial business situation which has occasioned it. 
They usually are put to work on a premeditated, “ready- 
made” problem, and are directed toward a predeter- 
mined, preordained result. Their work is of the nature 
of an assigned task. The position of chemists within a 
large research organization has professional character. 

Research chemists are in fact professional men; they 
usually belong to some professional society and they 
follow a line of conduct conforming to certain technical 
and ethical standards. They are employed by private 
industrial enterprise because they profess to have ac- 
quired the special knowledge which enables them to 
solve, or competently try to solve, chemical problems. 

The research chemists of one company form a more or 
less distinct group with certain group characteristics, 





® Hornay, K., “Self Analysis,” Franklin Watts, Inc., dis- 
tributed by W. W. Norton and Company, Inc., New York, 1942, 
p. 143. 
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sentiments, and attitudes. The members of this re- 
search chemist group have a daily face-to-face relation 
to each other and affect each other’s lives in a number of 
ways. Outside of their professional activities, they 
have no other explicit common purpose within the 
organization of the company. 

(B) The group of senior executives heading the 
structure of a large chemical concern have no intimate 
face-to-face relation with the members of the research 
chemist group and little or no immediate first-hand 
knowledge of the day-by-day activities of that group. 
The explicit common purpose of the group of senior 
executives in research affairs is to shape the company’s 
research policy and to organize research around the 
prosecution of the aims of this policy. Senior execu- 
tives do not lead actual research work; they direct, 
superintend, or administer it. They are not research 
leaders but research managers or administrators. 

(C) The group of junior executives consisting of re- 
search directors and group leaders are clearly in an inter- 
mediary position. They have intimate relations to 
both the research administrator group and the research 
chemist group; they have, more or less, first-hand 
knowledge of the conditions antecedent to research 
and of the actual research work itself; they know what 
goes on in the laboratories and in the minds of the 
members of the administrator group. 

The members of the group of junior executives ob- 
viously have two explicit functions to perform. First, 
they are the tactical leaders of the research chemist 
group and in this capacity they have to make tactical 
decisions. But in addition thereto, they are expected 
to give to the chemist professional help, provide stimu- 
lation and encouragement, and look after his “research 
morale.” To some extent “general human help’? is 
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inseparable from intellectual help. 


Research Second, as.members of the admini- 
Administrator strator group, they are the experts 
Group upon whose knowledge of the battle- 
front the strategic decisions have to 
be based. Research directors and 
group leaders may rightly be called 
Research research leaders. 
Leader 
Group SUMMARY 
We may now summarize this 
survey of industrial research affairs 
as follows. 
a The logical economic function of 
Group research as an instrument of private 


industrial enterprise is to assure 
continuity (and expansion) of profi- 
table production by providing the 
technical knowledge which is necessary to improve 
existing models of production or replace them by new 
ones. The methodical conduct of the research organi- 
zation of a large chemical concern may be divided into - 
three stages, 7. e., research policy, research strategy, 
and research tactics. The complex structure of a large 
research organization may be looked upon as consisting 
of three distinctly different but interrelated and inter- 
acting groups: the group of research administrators 
or research managers, the group of research leaders, and 
the group of research chemists. The ultimate purpose 
of the methodical conduct of this elaborate organiza- 
tion is to keep the individual efforts of the members of 
the research chemist groups in line with the needs and 
desires of the company’s business and research policy. 

Thus far, our investigations have clarified rather 
than answered the question of how to increase the eco- 
nomic efficiency of industrial research. However, in 
breaking down the complex whole of industrial research 
affairs into some of its component parts, we have 
gained a basis for further analysis of the mental proc- 
esses that go on in the minds of the members of an 
industrial research organization. The results of this 
analysis will enable us to describe the various ways 
in which individuals of such organizations usually 
think. We then shall have to substantiate the fact 
that knowledge about the “theory of inquiry” can 
make us understand that some of these ways of think- 
ing are better than others. 


The author wishes to express his appreciation to 
W. R. Thompson, Technical Director of the Catalin 
Corporation of America, for his encouragement in the 
preparation of this paper, and to Dr. R. E. Davies for 
his helpful suggestions. 


Magnesium is potentially the most widely available metal on earth, yet the entire 
amount produced in the world to the present time might all have been taken from about 
one-tenth of a cubic mile of seawater.—The Ohmite News (December, 1946). 





High-Sclool Chemistry 


e INDUSTRIAL AND HIGH-SCHOOL CHEMISTS 
CAN COOPERATE’ 


Picrure ror yourself an industrial city of modest size, 
a community whose industries employ a mere handful 
of American Chemical Society members. Add to this 
the absence of any educational institution at a higher 
than secondary-school level and you will appreciate the 
difficulties besetting many a high-school teacher of 
chemistry. To be sure, there is the textbook, the labo- 
ratory, and the science club in the school. But these 
teaching aids are definitely academic. Even if pre- 
sented with skill they leave the student without an 
appreciation either of the living science as typified by 
industrial applications or of the chemical profession as 
exemplified by practicing chemists. The general situa- 
tion which we have described is unfortunately of wide 
occurrence. We must accept the challenge of correct- 
ing these faults in our several communities. 

Another feature of the general problem is the remote- 
ness of many communities from local section head- 
quarters. For example, Utica is 50 miles from Syra- 
cuse. By long-established custom the annual activity 
of a section of the American Chemical Society is at a 
peak during the winter months. In central New York 
State the necessary amount of winter traveling to and 
from the Section meetings is arduous, if not positively 
hazardous. To provide a mechanism for attacking 
these and related problems, a small number of people 
interested in chemistry (about a dozen) formed the 
Utica Group, a subdivision of the Syracuse Section. 
The initial organization was extremely simple and in- 
formal; the Group simply met in the homes of its 
several members at approximately monthly intervals. 
The members took turns in acting as hosts, providing 
the simplest of refreshments. 

One of the first problems receiving the interested at- 
tention of the Group was that of providing such assist- 

1 Presented before The Division of Chemical Education at the 


112th meeting of The American Chemical Society in Atlantic 
City, April 14-18, 1947. 
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A Progress Report from the Utica Group 
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ance as might be desired by the chemistry teachers in 
the Utica schools. By some lucky chance the state- 
ment of this problem and its definition was left in the 
hands of the high-school teachers themselves. The 
mere resolution of such a problem into practical terms, 
the division of the over-all problem into specific items 
which permitted solutions within the range of the 
abilities and facilities available to the group, was‘a task 
which consumed several months. In fact, these dis- 
cussions required and developed a considerable degree 
of cooperation between the industrial and the high- 
school chemists. This subject has not become dor- 
mant. For a period of two full years it has continued 
to occupy a prominent place on the agenda of all Utica 
Group meetings. 

The first cooperative project of the industrial and the 
teaching members of the Group was the provision of 
suitable prizes for high-school chemistry students. In 
this connection the first question concerned itself with 
the nature of the prize: this should have permanent 
rather than temporary value; it should lead to a 
broader interest in the science; and of course, it must be 
desired by the recipient. These objectives were suit- 
ably met at a reasonable cost by subscriptions to the 
JOURNAL OF CHEMICAL Epucation. The second ques- 
tion concerned the qualifications of the recipients. 
While high scholarship is an obvious requirement, it was 
felt that a range of a few per cent in numerical grades 
need not’be significant and that the over-all objectives 
of the group would require that the recipient also ex- 
hibit some evidence of a continuing interest in the 
science and profession of chemistry. - Within this broad 
statement of purpose the selection of the specific recipi- 
ents of these prizes was left to the judgment of the 
chemistry teachers in the several high schools. ‘The 
third question which arose concerned the presentation 
of these prizes. It was noted that the high-school 
prize lists at commencement are so long that the addi- 
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tion of another item receives slight attention by either 
the pupils or the audience and may even be against the 
wishes of the school management. In addition to these 
considerations it was noted that the physical presenta- 
tion of the prizes should, if possible, have some con- 
structive quality. It is felt that some progress in this 
direction was made by presenting these prizes at a sum- 
mer picnic meeting of the Group. Such occasions were 
inherently, informal and provided better opportunity for 
the students to mingle with the older members present. 
At such meetings the business session could be so brief 
that the awarding of the prizes was also prominent on a 
time basis. It will be noted that this procedure pro- 
vided some contact, belated and limited though it be, 
between the science students of the several high schools 
in Utica. 

A second important problem concerned the accessi- 
bility and the pertinence of the chemical literature avail- 
able to the high-school students. It was found that 
the public library welcomed the assistance of pro- 
fessional chemists in the selection of books and periodi- 
cals in the field of chemistry, particularly when this 
assistance demonstrated a realistic appreciation of the 
needs of the high-school population. Such an endeavor 
obviously benefits from close cooperation between those 
who practice and those who teach chemistry. Over-all 
responsibility for this program was borne by the Utica 
Group representative on the Section Library Com- 
mittee. A second division of this general problem com- 
prised the provision of suitable literature for the li- 
braries of the high-school science clubs. The specific 
needs of individual science clubs will vary considerably, 
but chemical literature is growing so rapidly that the 
need of assistance is certain. The group found it pos- 
sible to meet these needs to a limited extent. Again 
it is apparent that the mere determination of such a 
need required and developed cooperative. effort by all 
the chemists in the community. 

The third part of the educational program which was 
undertaken by the Utica Group concerned the pro- 
vision of opportunity for the high-school students to 
visit local plants which utilize chemical processes, and 
particularly with the method of conducting such in- 
dustrial visits. The provision for security incident to 
the country’s war effort had required the abandonment 
of any program of industrial visitations which had been 
in effect during the 1930’s. But the opportunity to see 
industrial chemical processes not only is of great 


‘interest to the high-school student but also serves to 


stimulate him to greater effort and may even motivate 
him to continue in the profession. These consequences 
assume national significance in so far as they help to 
alleviate the shortage of technical men by attracting 
promising candidates to the field of chemistry. The 
industrial chemist must and can assume the responsi- 
bility of welcoming to his plant those students who are 
establishing their first contact with chemistry. The 
efforts of the members of the Utica Group were‘quite 
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successful and there have been made available to the 
local high schools industrial visits in greater number 
than prevailed during the prewar years. Of probably 
greater significance than the mere number of plant 
trips has been the interest in these activities taken by © 
the top management of local industry. Typically, a 
recent industrial plant trip comprised not only an in- 
spection of the plant but also an informal discussion 
period during which top management introduced the 
students to the field of chemical economics by explaining 
first the relationship between the entire industry and 
the particular plant which the students had just visited 
and secondly the significance of the entire industry to 
the life of the people. This served to paint for these 
students a broad picture of the value of chemical in-. 
dustry in general and to give them some idea of the 
role which chemists may assume in this country. Such 
a discussion, in addition to the opportunity which it 
provides for these students to meet with management 
informally, constitutes an important feature of edu- 
cation in its broadest sense. 

The activities which have been detailed above are but 
incidents in the execution of the main program of the 
Utica Group—namely, the creation of convenient op- 
portunities and a suitable atmosphere for frequent 
meetings between those who are interested in chemistry. 
It was the hope and expectation of the originators of 
this group that mutual acquaintance would lead to 
friendship and to cooperation in services of mutual 
interest. Cooperation between reasonable men is the 
rule; its initiation awaits only the development of 
friendly acquaintances. It is pertinent to note that 
not all those who are interested in furthering the science 
and profession of chemistry are as yet members of our 
American Chemical Society and that many who are in 
fact. serving the best interests of chemistry are not 
eligible to join this society. It has, therefore, seemed 
unwise to demand membership in the A. C. S. as a pre- 
requisite to service of the type discussed in this progress 
report. Let us rather enlist the heads and hearts of 
all those who wish to help us in this work. 

In conclusion a word about the immediate future may 
be in order. With the advent, in the fall of 1946, of 
two colleges in Utica, the group membership has under- 
gone considerable expansion. This sudden increase of 
about 15 members, together with the gradual spreading 
of interest in the meetings, has resulted in a mailing 
list currently containing about 50 names. Thirty of 
these people attended each of the last three meetings. 
Despite the increased opportunities resulting from this 
growth, there are two dangers: that the homogeneity of 
the group will be lost and that the old and proved activi- 
ties will be lost in the bright glare of new projects. The 


final answer is not yet known, but we can report at this 
writing that scheduled new activities comprise co- 
operative efforts embracing industrial and high-school 
chemists as well as the new group of college chemistry 
teachers. 








we CONCERNING TWO OCEANS’ 


Berore tHe coming of the atomic bomb it seemed 
certain that in some future time mankind would be 
compelled to learn the use of vast but dilute souces of 
power—solar energy, wind power, tidal power. The 
tidy little chunks of concentrated solar energy repre- 
sented by coal mines and petroleum pools will certainly 
not last indefinitely. Perhaps atomic fission will open 
up a new source of still more concentrated power in 
enough quantity, and perhaps not. 

In the realm of material things it still seems almost 
certain that the future will require the conquering of the 
dilute. With the assistance of world wars our con- 
centrated ore bodies are being rapidly depleted. The 
exploitation of more dilute deposits may be left to the 
chemists and engineers of the future. Two dilute 
sources of desired materials have, however, already been 
tapped—one of them dilute because of the nature of 
gases, the other because of the prevalence of water. 
They are our oceans, of two kinds. 

It is apparently difficult for the human mind really to 
believe that gases are an honest form of matter, having 
weight like the other forms and being as respectworthy 
as they. Early man probably thought of winds as the 
manifestation of some sort of spirit, whereas waves, 
being visible motion in a tangible medium, seemed more 
understandable. Even the Greeks, who elevated air 
to the position of an element, did not think of it as 
being real substance and having weight. Air was 
coupled with fire as a fine element, the two being some- 
what contrasted with water and earth, the gross and 
somehow less worthy elements. It was not until 1600 
a.D. that air was shown by Galileo to have weight. 


WE LIVE IN AN OCEAN 


We have often compared the conduct of our fellow 
beings under certain circumstances to that of the ocean 
fish who never realized there was such a thing as water, 
being continuously surrounded by it, until some un- 
friendly circumstance threw him on shore to his utter 
bewilderment. But we do not need to use this illus- 
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tration metaphorically. We, too, live in an ocean, and 
at the bottom of it at that. If our rocket enthusiasts 
ever succeed in transporting us to the moon, we will be 
in the same situation as the fish stranded on land, far 
from his familiar and essential ocean. ‘The experience 
will be equally unpleasant, although we would undoubt- 
edly take more thought to protect ourselves from the 
change than does the fish. 

It is easy for us to think of the deep sea fish as being 
under tremendous pressure. We can fairly feel the 
weight of all that water above him. We easily under- 
stand Dr. Beebe’s difficulties in constructing his bathy- 
sphere to withstand pressures half a mile beneath the 
sea. But as soon as we try to transfer that experience 
to our own situation, we invent a mythical opposite of 
pressure and label it suction. This is clear evidence of 
the difficulty we have in convincing ourselves that we 
live at the bottom of a very ponderable ocean and that 
an evacuated metal box crumples because it cannot 
support itself against the weight of the aerial, ocean 
above it. We think of it as being “sucked in,” and 
suction, like the Brobdingnagian definition of falsehood 
is “the thing that is not.” 

Of course, our ocean is different from the fish’s in 
having no definite top. Being gaseous, it is very sen- 
sitive to pressure and decreases in density as we go up- 
ward, finally diminishing asymptotically to the almost 
perfect vacuum that rules outer space. Nature does 
not abhor a vacuum. Paralleling Lincoln’s remark 
about God and the common people, nature must love 
a vacuum because she made almost infinitely more of it 
than of anything else. It is only because we live at the 
bottom of an ocean, without realizing it, that for us a 
vacuum is difficult to produce and maintain. 

In spite of the indefinite surface and varying density 
of our ocean it is perfectly easy to find out the weight 
of it.. Supposedly, everyone knows that atmospheric 
pressure is, roughly, 15 pounds to the square inch, but 
I suppose relatively few people realize that this: figure 
means just what it says. Above every square inch of 
the earth’s surface there is about 15 pounds of air. We 
need only to multiply this figure by the number of 
square inches on the earth’s surface to find the total 


406 





~~ > & Mme 


ll an ion ia... | 


ek; FRO OS so” 2 Ss" © te | 


© 




















AUGUST, 1947 





weight of the atmosphere. The resulting figure is 6 
xX 10 tons— that is 6 quadrillion, or 6 thousand mil- 
lion million, tons. Air is therefore one of the world’s 
most important raw materials. Itis continously mixed, 
constant in composition, universally accessible, needs 
no transportation medium, and so far nobody has found 
out how to tax it. Consequently we pay very little 
attention to it. 

Incidentally, an ordinary living room, say 15 X 20 
X 8 feet contains about 170 lbs. of air. A large lec- 
ture hall may contain two or three tons of air—unless 
it is excessively warmed in one way or another. 


CONSTITUENTS OF THE AIR 


Everybody knows the major constituents of the air 
and many of the minor ones. Remembering that air 
is neither an-element nor a compound but a mixture of 
elements and compounds, all of which can be separated 
from it fairly easily if necessary, let us consider the 
importance of some of these ingredients in industry and 
in daily living. 

(1) Oxygen: This element is second in proportion 
in air, constituting about 21 per cent of it by volume 
and a trifle more by weight. It is, however, obviously 
the most significant constituent of air from our point 
of view since it supports combustion and life. 

The fact that it is diluted with nearly four times its 
volume of nitrogen is of great importance. For most 
purposes the nitrogen is merely an inert diluent, like 
water in certain beverages. We could live with an 
even lower concentration of oxygen; in fact, people in 
Boliva and in Tibet do live in air having only about 
half the oxygen concentration with which we are fa- 
miliar. We could live withahigher proportionof oxygen. 
Pure oxygen has certain bad effects if breathed for too 
long but this is probably merely because, in the course 
of evolution, our bodily processes have been adjusted to 
the particular concentration available. The inescap- 
able difficulty of living in an atmosphere containing a 
high proportion of oxygen would be the ease of starting 
a fire and the difficulty of putting fire out. All com- 


‘bustible materials catch fire easily and burn fiercely in 


high concentrations of oxygen, and in addition, such 
common metals as iron, zinc, tin, and aluminum burn 
furiously. Forests would certainly be destroyed under 
these circumstances due to fires started by lightning, 
and therefore forests could never have grown in such a 
world. Other vegetation could probably exist only in 
small patches, and with difficulty at that, because of the 
fertilizing value of slowly decaying material, most of 
which would burn up in a highly oxygenated atmos- 
phere. Animal life depends on vegetable life; hence 
with too much oxygen we wouldn’t be here. Marine 
life of all kinds would, however, get along better. 

The quantity of oxygen consumed per year is so 
tremendous that it is by great odds our most used raw 
material, with the exception of water. In breathing, 
the human race absorbs and uses about 3,000,000 tons 
of oxygen per day. Each of us uses about three pounds. . 
How much other forms of life may use would be much 
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more difficult to estimate and I have not attempted it. 
For every ton of coal burned, about 2.7 tons of oxygen 
is required, or about 13.5 tons of air. This amount of 
air must go through our furnaces for every ton of coal 
we shovel in. No wonder we are concerned about a 
good draft for our fires. For every gallon of gas our 
automobile engines burn, about 22 pounds of oxygen, 
or 110 pounds of air, must go through the carburetor, 
assuming perfect combustion, For every ton of iron 
produced in a blast furnace, about five tons of air must 
be blown through, making air the raw material used in 
the greatest tonnage by the iron industry. 

Assuming, as a very rough figure, that the total 
annual world consumption of all kinds of fuel is the 
equivalent of two billion tons of coal, we use for com- 
bustion over five billion tons of oxygen contained in 
25 billion tons of air every year. Imagine the con- 
sternation of both industry and the householder if this 
material had to be mined, shipped, and paid for, and if 
its delivery could be interrupted by strikes, weather, 
and war. 

We frequently discuss the possibility of the ex- 
haustion of oil deposits and of coal. How about the 
exhaustion of aerial oxygen? Only a very rough es- 
timate can be made as to how long our oxygen would 
last if there were no replenishment, but assuming that 
we use five billion tons a year for combustion, that forest 
fires and the like consume another billion tons, that the 
human race uses a billion tons for the internal burning 
of food, and that the animal kingdom uses another 
billion tons, we have a total annual consumption of 
eight billion tons. At that rate the oxygen of the air 
would be completely used in about 150,000 years, al- 
though using the last few per cent of it at all would be 
very difficult. 

Fortunately, oxygen is continually being fed back 
into the air by vegetation, and the composition of the 
air is supposed not to have changed detectably in the 
century or so during which accurate analyses have been 
made. As a matter of fact, this is pure supposition. 
If none of the oxygen used from the air in a century 
were replaced, the proportion of oxygen in the air would 
decrease by only about 0.07 per cent of its value—that 
is, by 0.015 per cent out of a total of 24 per cent. Ac- 
tual determinations of the oxygen content of the air, 
made by different analysts at different places, differ by 
several times this figure, and there is no certain evidence 
that the proportion of oxygen in the air is being main- 
tained. 

The solubility of oxygen in water is low; less than one 
volume of the gas dissolves in 100 volumes of water at 
complete saturation at ordinary temperatures and 
under normal atmospheric pressure. The actual pro- 
portion of dissolved oxygen in natural waters is nearly 
always very much iess than this. Yet it is on this 
small concentration of dissolved oxygen that fish 
depend. They will, of course, drown in deoxygenated 
water. Now while it is possible for cold-blooded crea- 
tures to get along with this low availability of oxygen, 
warm-blooded creatures cannot doso. Hence there are 
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no warm-blooded creatures which live by means of 
dissolved oxygen, and consequently the level of intel- 
ligence of fish is low. Intelligence seems to require an 
even and fairly high temperature. 

As mentioned before, if the atmosphere were pure 
oxygen, aquatic life might get along better. There 
would be, on the average, five times the concentration 
of oxygen in the water that now exists. Aquatic 
vegetation would get along all right, fish would be much 
livelier, and fire would still not be able to penetrate 
water. Even under these circumstances, however, the 
development of warm-bloodedness and of intelligence 
would probably be impossible for sea creatures, and the 
falsely seductive mermaid would still remain a myth. 

For all the purposes mentioned, we use air directly. 
The proportion of oxygen separated from the air to be 
used in the pure state is insignificant. Dr. Langmuir’s 
report on his recent visit among the Russians, however, 
gives rather clear evidence that such will not be the 
case indefinitely. According to his report, Russian 
scientists have developed a remarkably cheap process 
for separating oxygen from the air and expect to use 
the gas directly in the blast furnace and the Bessemer 
converter. They claim a sixfold production from the 


blast furnace compared with that obtained by the use 
of air and Bessemer blows completed in one minute. 
For about half a century the America steel industry 
has played with the idea of using oxygen in this way 
but has always casually dismissed the notion as being 


hopelessly expensive. Has our industry missed a bet? 

(2) Nitrogen: This element constitutes about 78 
per cent of the air by volume and slightly less by weight. 
Its indirect importance as a diluent has been referred to 
already. But nitrogen is necessary for life, as all pro- 
teins contain it, and life without proteins is not known 
to exist. It is an aloof element, however, capable of 
forming a large number of important compounds, but 
exceedingly reluctant to do so. With one isolated 
exception it does not occur in minerals. How, then, did 
living things find the necessary nitrogen compounds to 
get started at all? 

One way of making oxygen and nitrogen combine, 
with the eventual formation of nitric acid, is to pass 
air through an electric arc, thus heating it to about 3000° 
C., and then cool the exit gases before the nitrogen has 
a chance to sneak out of its forced contract. Now 
lightning flashes are a kind of electric arc which is al- 
most instantaneously extinguished, thus permitting 
rapid cooling of any products formed by it. It is esti- 
mated that about 100 lightning flashes per second occur 
over the whole earth, representing four billion kilo- 
watts of continuous power. Two million tons of nitric 
acid are thus produced from the air per day,. or over 
seven hundred million tons per year. This amounts to 
12 pounds per acre of the earth’s surface. The acid is 
dissolved in raindrops and thus brought to the surface of 
the earth or to the ocean, thereupon reacting with min- 
erals or sea water constituents to form nitrates, a form 
of combined nitrogen which plants can use. 
probably the primal source of nitrogen for living things. 
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In the course of time certain bacteria developed the 
ability to “fix’’ nitrogen; later certain plants—the 
legumes—developed hotels for these bacteria in the 
form of nodules on their roots. Here the bacteria 
live in apparent comfort, providing the plant with the 
nitrogen compounds it needs in return for room and 
board. 

The only natural nitrate minerals—the isolated ex- 
ception previously referred to—exist in a single deposit 
in the desert regions of northern Chile. These are 
believed to be the result of the prevalent thunderstorms 
in the western outposts of the Andes. The resulting 
mineral nitrates were brought into the desert region by 
flash streams flowing down the mountainsides. Such 
water evaporates without ever reaching the sea, and the 
nitrates are left in solid form. A continuance of this 
action over a considerable geologic period-seems to be 
the only tenable explanation of the Chilean nitrate de- 
posits. 

Before the first world war, these deposits were the 
world’s chief source of combined nitrogen for fertilizer 
and for assorted chemical purposes. The export tax 
supported the Chilean Government, and the country 
was otherwise tax-free as far as the federal government 
was concerned. A relatively small amount of nitrogen 
had been artificially fixed in this country by the cyan- 
amide process and in Germany and Norway by the arc 
process. . Only the cheap electrical power from hydro- 
electric plants using streams falling down the precipitous 
headlands of the fjords in the latter country made this 
process economically feasible. 

During the war, the Germans, forced by the tra- 
ditional mother of invention, learned how to force ni- 
trogen and hydrogen to combine under the influence of a 
catalyst to produce cheap ammonia. After the war all 
industrially developed countries began using this proc- 
ess, demand for Chilean nitrate, and its price. fell 
decidedly, and the Chilean Government became in- 
volved in difficulties in extracting its taxes from its 
own people instead of from everyone else. 

For the Haber process, as the one just referred to is 
called, it is necessary to have a source of nitrogen freed: 
from oxygen. One of the most important methods for 
doing this is the fractionation of liquid air. Thus, for 
the first time, liquid air ceased to be a mere laboratory 
curiosity and became an industrial product in large ton- 
nage. There is nothing which should be confusing to 
the mind in regard to liquid air. Any gas will liquefy 
if cooled sufficiently. Ifthe temperate and torrid zones 
of the earth were at a temperature above 100°C.— 
one mild enough compared with that with which some 
of us have been theologically threateried—all water 
would be gaseous and part of the atmosphere. If then, 
some intrepid explorer returned from the polar regions 
with the yarn that at the frigid temperatures of 25 to 
50°C. which prevailed there in the winter, water be- 
came liquid and descended from the air in drops and 
formed pools on the ground, it would be some time before 
he would be able to overcome the suspicion that he was 
a member of the Munchausen clan. If the temperature 
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of our planet were 200° or more below zero Centigrade— 
a condition certainly obtaining on the outer planets of 
our system—the whole atmosphere would be liquid, 
and would cover the earth to a depth of 42 inches if 
evenly spread out. It wouldn’t be, of course, but 
would form a deeper layer on top of the solid ice of the 
oceans. 

As it is, there are two practicable means of persuading 
highly compressed air to cool itself off sufficiently so 
that part of it liquefies. If the liquid is allowed to boil, 
the nitrogen, which boils at a lower temperature than 
the oxygen (—195°C. as against — 183°C. for oxygen), 
tends to boil off first, just as the alcohol in a car ra- 
diator tends to boil off in preference to the water. By 
careful fractionation—the same process that is. used 
at higher temperatures by the petroleum and alcohol 
industries—the two gases can be cleanly separated. 

Quite pure nitrogen is thus obtained cheaply, and as 
hydrogen can also be prepared cheaply, the final prod- 
uct, ammonia, can compete very successfully in the 
world market. In 1936 the world production capacity 
of ammonia by this process was 3,700,000 tons per year. 
To produce this: quantity would require mining the air 
for 3,000,000 tons of nitrogen. During the war these 
quantities were probably increased by fifty to one 
hundred per cent. 

By further use of air, ammonia can be catalytically 
burned and converted into nitric acid. Practically all 
of this product is now made in this way, about 200,000 
tons of the acid being produced in the United States in 
anormal year, and perhaps twice this amount during the 
last few years. 

Thus the major constituent of our atmosphere has 
at last been put to work. The quantity available is so 
enormous that it is useless to calculate how long the 
supply will last. Most of the nitrogen combined gets 
free and ultimately rejoins the atmosphere anyway. 

(3) Water: Water is the third constituent of our at- 
mosphere in either volume or weight per cent. By 
volume it constitutes, roughly, from 0.2 to 4 per cent 
of the air, depending on temperature and humidity. 
Since water is easily available as a liquid, no commercial 
use is made of that contained in the atmosphere. As 
a matter of fact, it is often a nuisance. It cools down 
the blast furnace and some plants now remove part of 
the water from the entering air by refrigeration. Air 
conditioning systems require a device for removing part 
of the water content of the air at times of high humid- 
ity. 

Nevertheless, we are absolutely dependent upon the 
water-carrying power of our atmosphere. It is esti- 
mated that about 70,000 cubic miles of water evaporate 
from the ocean annually and fall as rain eventually. 
The annual rainfall, therefore, has a weight of about 
3 X 10 tons and as a minimum figure, because much 
water evaporates from land and fresh water sources. 
Thus the atmosphere carries each year about one-tenth 
of its own weight of water. About 20,000 cubic miles 
of this rainfall occur over the land, and it is this tre- 
mendous transport of water by the atmosphere that 
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makes terrestrial life possible at all. In addition, it 
has important geological effects. Every year two and 
three-quarter billion tons of dissolved material is carried 
into the oceans by rivers, a process which, in the course 
of geologic time, has made the ocean a sort of reservoir 
of the entire periodic system. Still greater quantities 
of suspended materials are delivered by rivers. The 
estimate for the Mississippi alone is 307 million tons 
of silt per year. ; 

(4) The inert gases: Although it had been known for 
over a century that nitrogen obtained from the air 
differed slightly from nitrogen prepared by chemi- 
cal means and always left a slight residue which 
would not combine in any chemical process, it was not 
until the eighteen nineties that the cause of this differ- 
ence was made clear by Rayleigh and Ramsay in Eng- 
land. They found that nitrogen from the air was con- 
taminated with about one per cent of a previously un- 
known gaseous element which they named argon. 
This gas is thus the fourth constituent of the air in 
abundance. Ramsay later found that the argon which 
he had obtained was, in turn, not pure, but contained 
traces of helium, neon xenon, and krypton—all gases 
very similar to argon. These gases are the delight of 
the chemistry student, because when one comes to dis- 
cuss their chemical properties, ordinarily the most 
important and complicated section of one’s remarks 
about an element, the only thing to be said is, “chemical 
properties—none.”” They are utterly inert, form no 
compounds, and do not even form the customary mole- 
cules by pairing their own atoms. They are often 
called the ‘‘noble gases,” a term apparently based on 
the ancient notion that it is noble to do no work, 

Nevertheless, changing economic conditions have 
forced nobles of all kinds to untraditional labor, and 
these gases have not completely escaped. 

Argon, obtained by fractionation of liquid air during 
the preparation of nitrogen, is used in electric light 
bulbs, especially those of high wattage. The argon-filled 
bulb gives greater efficiency in converting electrical 
energy into light than the nitrogen-filled bulb. 

Neon, also obtained by fractionating liquid air, has 
gained a flashy career in commerce. Fortunately, the 
neon tube is highly evacuated, contaming only a minute 
amount of the gas, as the element is present in air only 
to the extent of 15 millionths of a per cent and is there- 
fore expensive. 

Krypton and xenon occur in such utterly minute 
traces that only some extraordinarily important pur- 
pose for which they were uniquely suited would justify 
their extraction. 

The same could be said for helium if air were its only 
source. Fortunately, this element can be obtained 


quite cheaply from certain gas wells in the Texas region. 
It is used for inflating balloons, being second only to 
hydrogen in lifting power, and as a diluent for oxygen 
in a sort of artificial air for men working under very high 
atmospheric pressure. 
emphasizes again the weight of air. 


The most recent use for helium 
The air transport 
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companies have found that by inflating the great tires 
on the landing gear of the largest transports with helium 
instead of air, they can save 180 pounds of weight per 
plane, thus adding this amount to the pay load. 

(5) Carbon dioxide: The proportion of this gas in the 
air is quite small, only about 0.03 per cent. In spite of 
purposeful combustion and heedless conflagration, air 
is so well stirred that the carbon dioxide content is vir- 
tually constant everywhere. 

Carbon dioxide can be obtained so easily and cheaply 
from flue gases, the fermentation processes, and the cal- 
cining of lime that its presence in the air is of no direct 
industrial significance. 

Nevertheless, it is from this small percentage of car- 
bon dioxide in the air that all our food and fuel come. 
Only the green-leaved plants can use solar energy and 
atmospheric carbon dioxide to produce the multitude 
of complex organic compounds of which they are made 
and some of which are the ultimate source of food for 
all animal life. Presumably this type of synthesis will 
eventually become a laboratory accomplishment; it 
is not as yet. So to date, life is completely dependent 
on this constituent of the air also. It is a well-worn 
statement that when using fuel for heat and light we 
are releasing solar energy conveniently canned for us 
during the carboniferous period. It is equally true to 
say that we are using carbon and carbon compounds 
produced in that ancient age from the atmospheric 
carbon dioxide of the time. 

(6) Local variables: Other gases, the presence of 
which is undetectable in the general mass of the atmos- 
phere, are occasionally locally important. When one 
walks out on a cold winter’s morning one’s nose is often 
assailed by the delectable flavor of sulfur dioxide from, 
I trust, a neighbor’s chimney. This gas, being even- 
tually converted into sulfuric acid, is responsible for a 
great deal of the disintegration of paint, fabrics, and 
metals which plagues our pocketbooks. It comes from 
the presence in bituminous coal of a notable percentage 
of sulfur and makes this fuel, all things considered, the 
most expensive means of warming the houses of a com- 
mumity. 

Volcanos also deliver large volumes of sulfur dioxide 
to the atmosphere, but there are other reasons for not 
living in their neighborhood. 

Sulfur springs in certain regions provide the un- 
healthful flavor of hydrogen sulfide to air in their vi- 
cinity. On the very local contributions of laboratories 
of chemistry and biology I will not comment. 

The atmosphere itself is not to be blamed for the 
presence of any of the ingredients mentioned in this 
section. 

Beside the services rendered by individual con- 
stituents of the air, the atmosphere as a whole has very 
important functions. Air in motion, as during a hur- 
ricane, ordinary storm, or even comfortable breeze, has 
enormous energy and momentum. A cubic mile of 
air is a rather small amount from the point of view of 
weather, but it weighs over five million tons and is very 
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persuasive when going somewhere in a hurry. That 
we are surprised at the effects of cyclones and hurri- 
canes is merely further evidence that we fail to realize 
that air is honest matter and has weight. I do not 
know that anyone has tried to estimate the average 
continuous wind power available on the earth. It is 
certainly many times greater than any possible power 
requirements of the whole human race. Sailing craft 
and windmills used to tap an insignificant fraction of 
this power before steam and electricity rose in their 
might. The first modern attempt at effective use of 
wind power, as far as I know, was by the Central Ver- 
mont Electric Company which five years ago erected a 
large steel tower on one of the northern Taconics and 
equipped it with a self-feathering air wheel having four 
stainless steel blades weighing five tons each. This 
wheel, driven by the prevailing westerlies of the region, 
drove, in turn, a generator feeding power into the com- 
pany’s network. Operation was successful until a 
hurricane destroyed the wheel. Plans are under way 
for the construction of others, and the time may come 
when the Taconic range will seem from afar to support 
a picket fence bearing pinwheels. At any rate, a con- 
sidered attempt is being made to put wind power to 
work. 


ATMOSPHERIC PROTECTION 


“Transparent as air” is a casual phrase. Fortu- 
nately however, air is fully transparent onlytosufficiently 
long-wave radiation. In the ultraviolet region its 
transparency is mercifully limited. This again is an 
absolute requirement for life. Enough ultraviolet 
radiation sneaks through to give one a painful sunburn 
on a hot summer’s day and to assist in the formation of 
some of the essential vitamins, but no living things and 
very few organic compounds could long resist the un- 
diminished energy of sunlight in these wave lengths. 
This is another hazard our lunar voyager would have to 
take into account, along with a midday temperature 
above that of boiling water. 

The atmosphere also protects us from meteors, of 
which more than twenty million enter it daily at a 
velocity of some 30 miles per second. Even the thin air 
at a height of 70 or 80 miles produces enough friction to 
heat their surfaces to incandescence, and most of them 
disintegrate to dust before reaching the surface of the 
earth. If it were not for our aerial shield all of these 
particles would strike the earth, and the smallest of them 
would be more deadly than a rifle bullet. We would be 
at continual warfare with outer space. Again, let the 
lunar traveler beware. No friendly atmosphere will 
protect him on our naked satellite. 

The atmosphere helped Marconi most unpredictably 
in his invention or discovery of the wireless trans- 
mission of electrical signals. All electromagnetic 
radiation travels in straight lines, and thus it was clear 
that impulses from a sending antenna could, owing to 
the curvature of the earth, be received only as far as a 
bright light at the altitude of the antenna could be seen. 
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For short radio waves this is strictly true and is the 
most important limiting factor to the distance over 
which radar and frequency modulation can be used. 
Yet Marconi was able to send messages from the British 
Isles to Newfoundland, and radio stations have been 
‘picked up” nearly half way round the world. This 
is possible, as all radio discussions tell us, because at a 
height of 50 to 80 miles there are regions of ionization 
in the rarefied atmosphere. These act like a sort of 
combination mirror and lens toward long wave lengths 
of radiation, turning the waves back toward the earth. 
From the earth they may be in turn reflected and then 
again returned by the ionized upper atmosphere, al- 
though these repeated reflections diminish their in- 
tensity sharply. The effect of these Kennelly-Heavi- 
side layers, as the ionized regions are called, is not un- 
like the effect of air layers of varying density in pro- 
ducing a mirage. At any rate we can say that it was our 
atmosphere that made the first steps in radio possible. 


THE FISH’S OCEAN 


Now let us turn our attention from our ocean to the 
fish’s ocean. His ocean is not so voluminous as ours, 
but there are over 300,000,000 cubic miles of it, weigh- 
ing about 1.57 X 10 tons. There is, as has previously 
been pointed out, a considerable trade between the two 
oceans, the aqueous one contributing about 70,000 
cubic miles of its substance to the aerial one every year 
and receiving it back again bearing a high tonnage of 
dissolved and suspended minerals. 

The cubic mile is one of those handy units of volume 
which we can use glibly for very large quantities with- 
out realizing how large a quantity it is itself. Con- 
verting it into terms of one of the larger units used 
industrially, the slide rule shows that it is 26.4 billion 
barrels. This is almost precisely the total world pro- 
duction of petroleum from the dawn of the industry 
through the year 1940. 

If we further divert ourselves by converting the vol- 
ume of the ocean into laboratory terms, it is easy to 
show it to be about 1.25 X 104 ml.—that is, there are 
almost exactly twice as many milliliters of water in all 
the oceans as there are molecules in a mol. 

As far as I know only one poet has caught a vision of 
this most essential feature of the ocean. Byron’s 
“Roll on thou dark and deep blue ocean, roll” is typical 
of the general poetic attitude. But A. E. Houseman, 
writing to his brother on the subject of the sea, called 
his attention to the:fact that one of its outstanding 
attributes had never been celebrated in verse—where- 
upon he proceeded to do so in a number of stanzas, 
some of which I quote: 


O billows, bounding far 
How wet, how wet ye are. 


When first my gaze ye met 
I said, ‘“Those waves are wet.” * 


Thy wetness O thou sea 
Is wonderful to me. 






No object I have met 

Is more profoundly wet. 

It agitates my heart 

To think how wet thou art. 


It is this excessive wetness, so keenly felt by the poet, 
that makes the recovery of mineral assets from the 
ocean difficult. There is so much water! But the 
total quantities of ions of even the rare elements dis- 
solved in the ocean is astounding. 


ITS CONTENTS 


All told there are about 4,800,000 cubic miles of salts 
in solution in the sea. This is enough solid salt to cover 
the territory of the United States 1.6 miles deep. The 
total weight is about 4.9 X 10" tons. The larger 
proportion of this material, is, of course, sodium chlo- 
ride, present in the ocean to a weight per cent of nearly 
3.5, and therefore economically recoverable. However, 
most of the large tonnage of salt used in industry and 
commerce comes only indirectly from the sea, being 
derived from salt beds created by solar evaporation of 
large arms of the ocean cut off by geologic processes. 

So it is only the recovery of materials present in 
higher dilution that is industrially interesting, but even 
of these the total tonnage available is so large as to 
seem almost absurd. 1.7 X 10" tons of magnesium, 
5.5 X 10' tons of calcium, 5 X 10 4 tons of potassium, 
1 X 10* tons of sulfur, and 8.7 X 10'* tons of bromine 
are dissolved in one form or another in the sea. Fur- 
thermore, the annual additions of these elements to the 
ocean are far greater than any conceivable industrial 
consumption. 

It is only within relatively recent years that the ocean 
has been used as a direct source of any of these elements. 
It takes over ten thousand tons of sea water to contain 
one ton of bromine, yet, as we all know, ingenious chemi- 
cal processes and clever location of plant have made it 
possible to obtain this element economically from sea 
water in quantities large enough to satisfy the total de- 
mand. 

Also a matter of common knowledge is the fact that 
magnesium has been recovered in large tonnage from 
sea water as a war project and that this process pro- 
duced the metal more cheaply than any based on the use 
of highly concentrated and extensive ore minerals. 

None of-the other elements has been obtained com- 
mercially directly from the ocean, although for a long 
time the principal source of iodine was kelp, a sea weed 
which in its metabolism concentrated iodine in its 
tissues to some extent. There is available in the ocean, 
however, on the order of 3 X 10 tons of iodine as 
iodate, if the lowest reports be accepted. It would be 
necessary to process nearly 50 million tons of water to 
obtain one ton of iodine with perfect efficiency. 

Probably no state with a seacoast has avoided the 
attentions of gold-from-sea-water promoters at one 
time or another. Equipped with a boat or barge, some 
inexpensive but impressive electrical equipment, some 
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gold ingots large enough to excite admiration without 
requiring too heavy a capital investment as visible 
equipment, and a diver not exposed to the public gaze, 
credulous “investors” were reduced to the proletariat 
in considerable numbers. The actual proportion of 
gold in the ocean has been reported in absurdly variable 
figures. In 1927 Haber published the results of careful 
investigations, showing the figure to be much lower 
than had previously been supposed but to be widely 
variable in fact. The average of 13 reported deter- 
minations in areas where the greatest gold content 
was found is 5.4 milligrams per metric ton. At this 
rate the total gold content of the ocean would be about 
eight billion tons. It is undoubtedly lower than this, 
but certainly of the order of a billion tons, and the silver 
content is several times as great. 

If all the radioactivity of ocean water is due to ra- 
dium, there must be between 2000 and 20,000 tons of 
that element in the ocean. , 

Of course, the entire periodic system is there. To 
take another example from among the rarer elements, 
about 2 X 101* tons of rubidium is present in sea water 
—64,000 tons to each cubic mile. Certain sea crea- 
tures contain notable amounts of vanadium, manganese, 
copper, cobalt, nickel, and cadmium, all of which must 
be derived from sea water. 

When the tempting quantities of some of the ele- 
ments present in the sea beguile anyone to consider 


practical recovery, he can only groan with the poet 


It agitates my heart 
To think how wet thou art! 


Yet the rapid depletion of concentrated ore deposits, 
which are almost always rare and insignificantly small 
from a geological point of view, may force consideration 
of the use of dilute but practically limitless sources in- 
stead. Perhaps, like physical chemistry, it is the fate 
of industry to proceed from the reasonably concentrated 
to the infinitely dilute. While it would clearly be hope- 
lessly uneconomical to push around and process the 
vast bulk of sea water which would be required to ob- 
tain commercial quantities of the more dilute con- 
stituents—if the aim were to obtain these alone—it is 
interesting to note that significant quantities of them 
might be obtained as by-products when the water was 
being processed for such an element as magnesium. 
About a million tons of sea water must be treated to 
produce 1000 tons of magnesium. If, during the trip 
of the water through the plant, it could be run through 
units designed to extract other elements, about 50 tons 
of bromine, 36 pounds of iodine (as a minimum esti- 
mate), 25 pounds of'silver and 10 pounds of gold might 
be recovered. Research on methods of recovery of 
ions from excessively dilute solution might eventually 
pay dividends and at least begin to put the ocean to 
work as a source of materials. 


JOURNAL OF CHEMICAL EDUCATION 


THE REPORT OF THE ANNUAL MEETING 


May 10, 1947 - 


The meeting was called to order at 2:50 p.M., with the 
president, Eldin V. Lynn, presiding. 

The following annual report of the secretary was 
presented, and upon motion this report was accepted: 


The first event of the year 1946-47 was the very successful 
summer conference held at Middlebury College in August. One 
hundred and seventy-five persons attended, and it is particularly 
interesting to report that 60 of these came from 16 states outside 
of New England. To those who were fortunate enough to attend, 
this conference seemed unusually fine, with most stimulating 
papers and with particular care used in the planning of the details 
which make such an affair run smoothly. 

During the academic year five meetings have been held: Octo- 
ber 19th at Colby Junior College, December 7th at Boston Col- 
lege, February 15th at the Rumford Chemical Works, March 
22nd at Trinity College, and May 10th at the College of the Holy 
Cross. The average number registering at these five meetings has 
been 77. 

Your Executive Committee has met five times and transacted 
other business by correspondence and mail ballots. Certain deci- 
sions in regard to the policy of the association should be brought 
to the attention of members. 

As was the case last year, the sum of $10 was contributed as a 
prize to be awarded in the name of this Association to a chemistry 
winner in the Rhode Island Schools’ Science Fair. It has been the 
decision of the Executive Committee that any such fair held on a 
state-wide basis deserves the support of this Association, but that 
it is financially impossible for similar contributions to be made to 
fairs held in any smaller geographical divisions. 

In an attempt to put the Summer Conference on a more perma- 
nent basis, the Executive Committee has voted that hereafter the 
President shall always include in his appointments to the Summer 
Conference Committee the Chairman, Secretary, and Treasurer 
of the preceding conference. It has been further voted that a 
transfer of $200 be made from the funds of this Association to set 
up an account in the First National Bank of Boston, to be known 
as the “Summer Conference Fund of the New England Associa- 
tion of Chemistry Teachers.” This account is to be used by the 
committee in improving and promoting the summer conferences. 
Any excess accumulated in this fund over $500 is to revert to the 
general funds of this Association. 

The problem of your publications has been a subject of discus- 
sion at practically every meeting of the Executive Committee. 
The limited space which our contract with the JouRNAL allows us 
makes impossible the publication of papers of any considerable 
length. The printed Newsletter, which was so enthusiastically re- 
ceived, proved too costly for repetition. The editor hopes, how- 
ever, to get out a mimeographed sheet within a short time. The 
wise course of procedure for the present seems to be the use of our 
JOURNAL space for news items, association business, and other 
similar material. Papers given before this Association will be 
submitted to the Editor of the JourNat for consideration for pub- 
lication elsewhere in the JouRNAL. Such papers, if accepted, will 
carry the usual credit line. 

The committee has authorized the Curator to proceed in the 
establishing of a permanent file in which may be kept details con- 
cerning the professional activities of this Association, to be used 
in connection with the celebration in 1948 of the 50th anniver- 
sary of our founding. 

Members may be interest to know that nearly 500 letters have 
gone out from the Secretary’s office during the year. These have 
covered every imaginable aspect of the field of chemistry teaching, 
from urging teachers to join the Association to giving the Minister 
of Education in India details concerning the way our organization 
isrun. Such a correspondence feat has been possible only because 
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for which I wish to thank the Association. 
Dorortuy W. Girrorp, Secretary 


The Secretar ry of the Membership Committee sub- 
mitted the following annual se sani which, upon motion, 
was accepted: 


Last year at this time we reported 374 active members—the 
largest number in our history. During the past year we have lost 
through resignation 30, and we have gained 56 new members 
(compared to 39 last year), making our total membership today 
400. 

At the August meeting of the Executive Committee, it was 
voted to drop the Deferred Member Division, since this was 
created to meet the war emergency. It is gratifying to report 
that several deferred members are once more on our active list. 

A committee to be known as the Membership Drive Committee 
has been organized, with John Suydam as Chairman. This group 
is making an active effort to bring the work of the Association to 
the attention of teachers who do not belong. 

From my own attempts to secure new members, I feel that one 
of the most effective ways to enlarge the membership might be to 
include in next fall’s bills for dues a membership application blank 
with a note asking each member to make an effort to bring the 
Association to the attention of some person who is interested in 
the teaching of chemistry. 

If anyone has any suggestion in regard to a possible new mem- 
ber and will send me his name and address, I shall be glad to see 
that as cordial and inviting a letter as possible is sent out. Such 
a procedure has netted us at least a dozen new members this 
year. 

Dorotuy W. Girrorp, Secretary 


The Treasurer reported a balance on hand, as of May 
9th, of $1166.26. Upon motion, this report was ac- 
cepted. Budget plans as outlined by the treasurer were 


informally approved. 
The chairman of the Endow ment Fund submitted 


the following report for the treasurer. Upon motion, 
the report was accepted. 
THE NEw ENGLAND ASSOCIATION OF CHEMISTRY TEACHERS 
TRUSTEES OF THE: ENDOWMENT FUND 


TREASURER’S REPORT, May 7, 1947 


Balance, May LO 1O6G. o.o6 ois aisi05se-:s p05 $1994.48 
Income credited in the period May 10, 
1946, through May 7, 1947 
Watertown Cooperative Bank......... 20.00 
Newton Savings Bank................ 20.25 
2 per cent of dues for 1945............ 26.18. 
Gift from Professor Blanchard........ 1.25 





$2062.16 


Investments, May 7, 1947 
Five Shares, Watertown Cooperative 
ERMINE OCIS. 0.5, 0-65: Sa8n5, osei's: pews mses" 
Balance in Newton Savings Bank....... 
ORME a6, 05 


994.91 
1067 . 25 
$2062.16 


Avery A. AsHDowN, T7'reasurer 
Trustees Permanent Trust Fund 


The Editor of the Report had no official report be- 
yond the material suggested in the secretary’s report. 
He did, however, ‘announce the probable publication of 
a thimetgraphed news sheet to be mailed shortly and 





of the very generous budgetary allowance for stenographic aid, 
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asked for news items. It was the general feeling of the 
meeting that such news sheets, mailed to the member- 
ship from time to time, are highly desirable. 

The Chairman of the Summer Conference Commit- 
tee reported that the completed program of the confer- 
ence will be mailed out before the first of June. 

The Honorary Membership Committee presented the 
following names for election to honorary membership: 


8. Francis Howard, recently retired from Norwich University, 
Northfield, Vermont 

William W. Obear, recently retired from Somerville High School, 
Somerville, Massachusetts 

Daniel F. O’ Regan, recently retired from Worcester High School, 
Worcester, Massachusetts : 


These names were approved. 

The Curator did not read his report, since the ma- 
terial in it has already been included in the report of the 
secretary. His report is herewith appended: 


Nearly a year ago, the Curator received from his predecessor 
the archives of the Association, consisting of a large filing cabinet 
and numerous boxes all filled with Reports, programs of meetings, 
committee reports, and much other historical material. Consid- 
erable time has been spent in becoming familiar with this material, 
in filing it in a fashion that will make it more accessible. 

During the year, the Curator, on behalf of the Association, has 
received a valuable gift from Mrs. Wilhelm Segerblom. The gift 
consists of a complete file of the Reports and numerous other 
papers relating to this Association. The early copies of the 
Report are bound. The Curator has expressed the thanks of the 
Association to Mrs. Segerblom, whom this organization has no 
more loyal friend. 

In recent years, the duties of the Curator have not been heavy, 
it being the custom to require said officer to extract himself from 
the archives only to make an annual report. The Executive Com- 
mittee has seen fit this year to set up some specific duties for the 
Curator. One of these is to develop and maintain a permanent 
membership file dating from the founding of the Association. It 
is hoped and expected that this file will become a repository of 
professional and personal data concerning the leaders of chemical 

education in this area. A suitable filing card has been devised and 
is now being printed. The Curator has been charged, also, with 
the duty of providing each member with a copy of the constitution 
and by-laws and with such printed material relating to the history 
of the Association as may be available. Finally, the Curator has 
been instructed to undertake the preparation of an historical docu- 
ment which may be used to commemorate the 50th anniversary 
of the Association, which occursin 1946. Progress is being made 
in discharging these duties. 
R. E. Kemrsteap, Curator 


The Nominating Committee submitted the following 
slate for 1947-48: 






President, Eldin V. Lynn 

Vice President, John R. Suydam 

Secretary, Dorothy W. Gifford 

Treasurer, Carroll B. Gustafson 

Southern Division Chairman, Leallyn B. Clapp 
Central Division Chairman, Helen Crawley 
Western Division Chairman, Jean V. Johnston 
Northern Division Chairman, Donald C. Gregg 
Curator, Ralph E. Keirstead 

Member of Endowment Committee, Mary B. Ford 
Auditor, 8. Walter Hoyt 


Georce D. HEARN 
Ray 8. KELLEY 
EuizaBeETtH 8. Hollister, Chairman 
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Upon motion it was voted that the Secretary be in- 
structed to cast one ballot for the slate as presented, and 
the officers were duly declared elected. 

No further business appearing, the meeting was ad- 
journed, sine die, at 3:30 P.M.. 


Dorotuy W. Girrorp, Secretary 


By action of the Executive Committee, Lawrence H. 
Amundsen was re-elected Editor of the Report. 


JOURNAL OF CHEMICAL EDUCATION 


241st Meeting, May 10, 1947, College of the Holy Cross, Worces- 
ter, Massachusetts 


The following program was given at the 241st meeting of the 
N.E.A.C.T, 
Greetings—Rev. Bernard A. Fiekers, S.J. 
“Steroid Hormones in Relation to Behavior” —Hudson Hoagland, 
Director of Worcester Foundation of Experimental Biology 
“Gustation and Olfaction—The Chemical Senses’”—T. Leonard 
Kelley, State Teachers College, Bridgewater, Massachusetts 
‘‘Wonderful Sugar—Some Physical Chemical Aspects and Possi- 
bilities of the Sugar Industry’”—Andrew VanHook 


Keceut- Goole 


& THE CHEMISTRY OF FREE RADICALS 


W. A. Waters, Balliol College, Oxford. Oxford University 
Press, Oxford, 1946. viii + 295pp. 24 figs. 2ltables. 16 X 
24 cm. $6.50. 


THE TERM “free radical” suggest triphenylmethy] to the reader 
who has not kept abreast of what might be called the “New Or- 
ganic Chemistry of Free Radicals.” Triphenylmethyl and re- 
lated compounds take up a minor part of this book. About three 
quarters of the book is devoted to free atoms and radicals, to their 
production, and to their properties in the initiation and catalysis 
of reactions. 

The book is designed as a survey of free radicals in reaction 
mechanisms, with appropriate, though brief, reference to classical 
work in the field of free radicals. In his task the author has suc- 
ceeded admirably. The book may be described in terms of ear- 
lier works in the field. Compared with the well-known book of 
Rice and Rice, Waters’ book is naturally more up to date, and 
less detailed. Compared with Bachmann’s section in Gilman’s 
“Treatise,” Waters shifts the principal emphasis from long-life 
to short-life radicals and their reactions. Compared ‘with 
Steacie’s recent work, Waters’ product has the mark of the com- 
petent organic chemist with physical leanings, in contrast to that 
of the competent physical chemist with organic leanings. 

The book is well suited for general reading by chemists of all 
sorts. It wouldservesplendidly for a half-year seminar for gradu- 
ate students. The documentation is careful and full, and the 
book contains a wealth of information on the impingement of free 
radicals in many branches of chemistry. The treatment through- 
out tends to be descriptive, and no topic is treated exhaustively. 

If any complaints should be made concerning such a well- 
written work, one can perhaps mention that the index is not very 
complete. For instance, the word kety] is not found in the index, 
although it is adequately treated in the text. Your reviewer 
objects to the statement, on page 27 that the Quincke method for 
measuring magnetic susceptibilities is much simpler than the 
Gouy method; simpler perhaps, but certainly less flexible. Until 
he read p. 145 he was under the cheerful impression that the word 
nascent was obsolete. 

These, however, are trifling objections." If a measure of suc- 
cussful scientific writing is the number of research ideas generated 
in the mind of the reader, then this book is an unqualified suc- 
cess. Your reviewer is now on his way to measure, magnetically, 
the heats of dissociation of some diaryldisulfides. 


P. W. SELWOOD 
NoRTHWESTERN UNIVERSITY 


Evanston, ILuinors 


® CHEMISTRY OF FAMILIAR THINGS 


Samuel Schmucker Sadtler, Chestnut Hill, Philadelphia. Eighth 
Revised edition. J. B. Lippincott Company, semana 1946, 
xii + 310 pp. 34 figs. 14X 20cm. $4.00. 


Tus Book has good sections on foods that include interesting 
and extensive comments. The book’s chief feature, however, is 
its irregularity. Modern chemistry is mixed with outmoded 
formulas and equations, chatty comments are interspersed with 
scientific data, conclusions based upon limited personal experience 
are mingled with more generally accepted scientific material. 
The writing style is intimate, winsome, and jumpy. 

The first third of the book is marked by its assortment of topics 
and abrupt change of subject matter. Page 41, for example, 
concludes radio, treats radar, and starts the topic of matches. 

Because technical terms are introduced without adequate 
explanation, the book seems more likely to confuse than enlighten 
the lay reader. Instructors in elementary chemistry should 
check carefully any section of this book before assigning it for 
reference. Some portions are very useful, especially the chem- 
istry of photography. 


ELBERT C. WEAVER 
Puriurrs ACADEMY 
ANDOVER, MASSACHUSETTS 


ie] BIOCHEMISTRY OF CANCER 


Jesse P, Greenstein, Ph.D., National Cancer Institute, Bethesda, 
Maryland. Academic Press, Inc., New York, 1947. viii + 389 
pp. 39figs. 104tables. 15 X '23 cm. $7.80 


WHILE THE morphological and stained i aspects of cancer 
research and oncology have been long and intensively pursued, 
the biochemical aspects of this field of work are of more recent 
development. The time has come, however, for a comprehensive 
survey and a general inventory of the results already attained in 
oncological biochemistry. Such work is intricate and the results 
often conflicting. Dr. Greenstein is peculiarly well equipped 
to describe and appraise what has been done and has the wit and 
perception to suggest the lines of attack which afford promise 
for further progress. He has given us a scholarly and discriminat- 
ing treatise which is so lucid in style of writing and so logically 
presented that it is fascinating reading. The book is a “must” 


for the cancer investigator but is useful to any student of bio- 
chemistry because of the author’s ability to see and depict broad 
views, such as that of the general patterns of enzymatic activity 
in normal as well as in pathological states, and to present his 
views in stimulating and thought-provoking language. The 
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comet references to the literature (some 950 items) are also 
helpful. 

An earlier chapter deals with the general phenomena and the 
taxonomy of cancer. It is an informative but concise summary, 
useful to the oncologist and the lay reader alike. The baffling 
problems of the etiology of neoplasms is treated in two chapters 
on the induction of tumors. The discussions of carcinogenic sub- 
stances, the natural and the artificial, are logically developed to- 
gether with the history of knowledge of the cancer hazards of 
employment and other environmental factors. The genetic 
aspects of cancer are adequately and conservatively discussed. 
A chapter on the effects of nutrition, especially of dietary de- 
ficiencies, on induction of tumors, and on the endocrinological 
aspects of oncology are informative. A brief chapter on the 
chemotherapy of cancer shows how it has been, in the main, dis- 
appointing. 

The outstanding feature of the book is the long and highly 
documented chapter on the properties of tumors. It presents a 
wealth of data on the chemistry and the metabolism of neoplastic 
tissues as contrasted with similar data on corresponding normal 
tissues. The chemistry of the tumor-bearing host is similarly de- 
veloped in the succeeding chapter. Dr. Greenstein is able to 
draw, with all due conservatism, certain generalizations from 
the almost bewildering mass of biochemical data. This is, per- 
haps, the most significant contribution of his book. But his 
marshaling of the data, largely in tabulated form, with ample 
references to the original papers, affords a research tool of su- 
perior usefulness. 


PHILIP H. MITCHELL 
Brown UNIVERSITY 
ProvIDENCE, R#opE IsLanp 


2 APPLIED CHEMISTRY 


Sherman R. Wilson, Head of the Exact Science Department, 
Northwestern High School, Detroit, Michigan, and Mary R 
Mullins, Chairman of the Physical Science Department, Mid- 
wood High School, Brooklyn, New York. Revised Edition. 
Henry Holt and Company, New York, 1947. xxi+7l4pp. 340 
figs. 13.5 X 20cm. $2.36 


THE REVISION of “Applied Chemistry’ includes a 35 per cent 
increase in pages and a 37 per cent increase in price. The diffi- 
culties noted by reviewer K. M. Pershing [Tu1s JourNAL, 17, 
599 (1940)] persist. 

‘Applied Chemistry” is a combination textbook and laboratory 
manual. Each of the 21 units is followed by a summary review, 
numerous short questions, suggestions for projects, chiefly liter- 
ary, and simple laboratory experiments, 80 in all. 

The authors have (1) held formal elementary chemistry to a 
minimum, (2) emphasized the achievements of chemistry, (3) 
glorified research, and (4) removed most of chemical arithmetic. 

The first ten chapters are designed to lay the foundation for 
elementary chemistry by covering oxygen, hydrogen, water, air, 
fuels, acids, bases, salts, structure of matter, and some arithmetic. 
The last 11 chapters attempt to show the applications of chem- 
istry to various fields, such as foods, textiles, dyes, bleaches, 
drugs, and metals. In this latter part of the book scores of 
technical terms are introduced without adequate explanation. 
Would not the audience for which this book is intended be served 
better by thorough explanation of some of the simpler applica- 
tions of chemistry rather than by light coverage of a great area? 

As definitely stated in the preface, this book is intended for 
students who expect no college-preparatory credit in chemistry. 
The revision maintains this feature and adds material about 
new developments in chemistry, a unit on photography, more 
laboratory experiments, a periodic table, and a set of quick- 
checking tests. 


ELBERT C. WEAVER 


Paiturps ACADEMY 
ANDOVER MASSACHUSETTS 








7] RUSSIAN-ENGLISH TECHNICAL AND 
CHEMICAL DICTIONARY 


Ludmilla Ignatiev Callaham._ John Wiley & Sons, Inc., New 


York, 1947. xvii + 794 pp. 


THIS DICTIONARY is characterized by its success in selecting 
and listing in highly useful form those words of interest to chem- 
ists and others working in fields of science and technology rather 
closely related to chemistry. Although scientific and technical 
terminology is emphasized, the dictionary is also quite thorough 
with respect to inclusion of nontechnical terms which are likely 
to be encountered during the reading of scientific and technical 
Russian. 

The type is clear and meets all demands as to legibility, a 
matter of considerable importance in view of difficulties inherent 
in the Russian alphabet. The paper and binding are first rate, 
and the book is of such dimensions that it can be handled and 
used conveniently. The publishers are to be congratulated for 
offering a Russian dictionary which chemists-will find to be a 
worthy companion to Patterson’s “German-English Dictionary 
for Chemists” and also his ‘‘French-English Dictionary for Chem- 
ists.” 

As might be expected, in a first edition, possibilities for minor 
improvement exist. Your reviewer would suggest that syste- 
matic pairwise listing of the imperfective and perfective in- 
finitives of verbs would assist persons learning Russian by pro- 
viding a basis for coping with various difficulties inherent in the 
Russian verb system. Another suggestion would be inclusion 
of certain irregular forms of nouns and verbs which experience 
has shown to be misleading. Thus, belka is listed as a noun 
(nominative case) meaning squirrel, without mention of the fact 
that belka is also the genitive singular of belok, meaning albumen. 
Quite a large number of such irregularities are included already 
in this dictionary. Additional inclusion of other commonly 
used, confusing irregular forms would further enhance the value 
of this very useful dictionary. 


14 X 20cm. $10. 


J. W. PERRY 
MAssAcHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


* VICTORY OVER PAIN 


Victor Robinson, M.D. Henry Schuman, New York, 1946. 
viii + 338 pp. 47 figs. 14.5 X 21.5cm. $3.50. 


OssERVANCE of centennials frequently renders a great service 
to future generations by stimulating our ablest scholars to have a 
look at the records and collect material valuable to later research. 
Such a contribution is “Victory over Pain,” which traces the his- 
tory of anesthetics from the early use of plant extracts as pain- 
killers to the modern application of curaré. Doctor Robinson 
has written a very interesting, comprehensive, and totally objec- 
tive treatise on a famous controversial subject. One minor point 
may be elaborated. There is a reprint in the library of the New 
York Academy of Medicine of a bill introduced into the New. 
York Legislature in 1913. It appeals for the immediate release 
from prison of William James Morton, M.D., son of the first 
Morton. It states that the former was drawn into a transaction, 
because of lack of business ability, that involved him in a serious 
difficulty before he was aware of it. The bill further states that 
it was not intended he serve the prison sentence and says that he 
should be returned at once to his needy family and his numerous 
clients. Especially should this be considered as he had already 
given almost 30 years to public service in the capacity of Professor 
of Nervous Diseases in the Post Graduate Medical School and 
Hospital of New York and had written probably the first book in 
the English language on the medical use of X-rays. 

SISTER VIRGINIA HEINES 
Nazaretu COLLEGE 
Nazareta, Kentucky 
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& THE ELECTRONIC THEORY OF ACIDS AND BASES 


W. F. Luder and Saverio Zuffanti, Associate Professors of 
Chemistry in Northeastern University. John Wiley and Sons, 
Inc., New York and London, 1946. ix + 165 pp. 13.5 x 21.5 
cm. $3.00. 


THIS BOOK is based upon material that has been published in 
Tuis JOURNAL, in the Journal of the American Chemical Society, 
and in Chemical Reviews. It not only represents a valuable serv- 
ice to science but is also something of a memorial to Gilbert New- 
ton Lewis, who read the manuscript shortly before his death, gave 
it the benefit of his criticism, and granted the privilege of dedi- 
cating the book to him. Its scope is best indicated by its chapter 
headings: Historical Background; Atomic Orbitals and Val- 
ence; The Electronic Theory of Acids and Bases; Electrophilic 
and Electrodotic Reagents; Acidic and Basic Radicals; Neutrali- 
zation; Titrations with Indicators; Displacement; Catalysis; 
Acid Catalysis; Base Catalysis; Alkoxides as Catalysts; Conclu- 
sion. 

The purpose of this book naturally commends itself heartily to 
the reviewer, himself a colleague of Lewis who was present at the 
birth of these theories of acids and bases. I say ‘‘these theories,”’ 
for it should be realized that Lewis, in 1923, outlined essentially 
all the possible acid-base theories, including the proton theory. 
It seems strange that the significance of the electron theory was 
appreciated by so few and that the proton donor-acceptor theory, 
instead, should have made so deep an impression, particularly 
upon teachers, as to have become regarded not merely as the 
valuable tool that it is, particularly for organic chemists, but 
almost as ultimate Truth, with a capital T. But perhaps the 
reviewer has written enough on this subject in Tu1s JouRNAL. 

The authors give, in Chapter 1, clear, concise explanations of 
all of the acid-base theories that have been proposed. In Chap- 
ter 2 they explain atomic orbitals and show why the atoms in the 
middle of the long periods do not obey the “rule of eight,” and 


they write “dot formulas” so as:‘to show unpaired electrons and 
the possibility open to many atoms of forming more than four 


electron-pair bonds. One should understand that SnCl, can act 
as an acid because tin can assume the coordination number six. 
Lewis himself, in conversation with the reviewer, frequently 
criticized the early overemphasis by others upon the octet and 
asserted the far greater importance of the pair. 

The third chapter contains a detailed exposition of the elec- 
tronic theory with numerous examples. Some of the structures 
assigned are confessedly hypothetical, but the authors are careful 
to avoid a dogmatism into which it would have been easy to fall; 
they use such phrases as “‘. . . the simplest explanation would 
seem to be that...” 

They devote some attention to the possible confusion of acids 
with oxidizing agents in that both can add electrons. The dis- 
tinction is one between electron sharing and electron transfer; a 
substance may be a strong acid but a poor oxidant, like SOs, or a 
strong oxidant but a weak or even a zero base, like F.. The fact 
that some reactions may leave one in doubt as to whether elec- 
trons have been shared or transferred does not vitiate the dis- 
tinction; practically all important chemical classifications, like 
student grades, show borderline cases. 

An interesting feature of the book, p. 16, is a series of experi- 
ments with “aprotic” neutralizations which should shake the 
faith of any ‘confirmed Br¢gnstedian” who could be induced to 
perform them. The chapters on acid and base catalysis call 
attention to the catalytic properties of such acids as BF;, AlCl, 
SnCl,, and SO;. The ‘possible mechanisms” proposed by the 
authors are, of course, still subjects for discussion and investiga- 
tion. The book is not intended as an authoritative treatise on 
catalysis but as an exposition, with abundant illustration, of a 
point of view regarding acids and bases which every chemist 
should have at his command, not as a faith, but as a tool, more 
appropriate for certain pruposes than any of the more restricted 


theories. It should be widely read. 
J. H. HILDEBRAND 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
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@ HELIUM 


W. H. Keesom, Professor of Physics in the University of Leiden. 
Elsevier Publishing Company, Inc., Amsterdam, London, New 
York, 1942. xx + 494 pp. 258 figs. 16.X 24.5cm. $10.00. 


Hetivum Has been and still remains a remarkable stimulus to 
the scientific imagination. As a gas it is the most perfect in the 
sense of conformity to the idealized gas laws and resistance to 
liquefaction. As a liquid it exhibits astonishing contrasts to the 
liquids of common acquaintance. The contrasts are not less 
striking in view of the simplicity of the liquid structure which 
exists in two different conditions sepdrated by the lambda curve, 
while the melting curve tends to constancy of the freezing pressure 
at about 25 atmospheres as the temperature is lowered. 

Professor Keesom, writing from the Kamerlingh Onnes Labora- 
tory at Leiden, has brought together in a comprehensive summary 
a vividly presented account of all the properties of helium pub- 
lished to January, 1942. Evidently a considerable part of the 
book was written during the Nazi occupation. 

The account of helium’s properties is given in nine chapters, 
the first of which is a sketch of the history of the discovery of 
helium beginning with the observation of the spectral lines in 
1868. There follow chapters on the properties of helium in its 
gaseous state, a considerable fraction of which is justly given to 
helium thermometry. For temperatures below ordinary, helium 
is the most suitable of all known gases, enabling temperatures as 
low as 1.5°K. to be measured. Optical, electromagnetic, and 
acoustic properties are given attention. 

Liquid and solid helium properties are given a chapter each, 
however, with only a six-page chapter (Chapter V) on transforma- 
tions of higher order. The nonthermodynamic properties of 
liquid helium comprising surface tension, viscosity, heat conduc- 
tion, sound velocity, ‘fountain effect,’’ Rontgen patterns, and 
liquid structure are given 101 pages—about a fifth of the volume. 
A special chapter, ‘“The Solid Condition,” contains but six pages 
of material on the evidence which X-ray examination gives of the 
hexagonal structure. The eighth chapter of 88 pages deals with 
the helium atom, and while the chaptér is compact, the account is 
inclusive and clearly stated. The chapter ends with a presenta- 
tion of the theory of interatomic forces and a discussion of the 
helium molecule. The final chapter deals with the nucleus. 

Each chapter is provided with a very complete list of references. 
The numerous apparatus drawings are beautifully done according 
to the Leiden Laboratory tradition. The printing is easy on the 
eyes and the paper of a quality now rarely available. Professor 
Keesom has produced a valuable volume of information richly 
flavored with his gift for accuracy and lucid exposition. 


F. G. KEYES 


. MassacuvsetTs INsTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


& PHARMACY’S PART IN SOCIETY 


George Urdang. The American Institute of the History of 
Pharmacy, Madison, Wisconsin, 1946. 93 pp. 47 figs. 20.5 X 
28 cm. 


TuIs 1s a small but pretentious volume designed to show the 
part pharmacy has played in the development of numerous fields: 
public health, scientific chemistry, the chemistry of foods and 
plants, botany, agriculture, manufacturing, education, and cul- 
ture generally. While some of the material is familiar, it is pre- 
sented in a manner that is original and refreshing. Blended with 
this is a wealth of new material that could only have been gath- 
ered by one possessing the characteristic and discriminating 
patience which is typical of this author. The only real fault of 
the book is a very confusing format; it is hard for the reader to 
distinguish illustrations from text. Those interested in the 
progress of pharmacy will certainly wish to have a copy, and the 
book will probably appeal to many others in closely related fields. 


E. V. LYNN 


MASSACHUSETTS COLLEGE OF PHARMACY 
Boston, MASSACHUSETTS 
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THE TOMB OF JOFUKU OR JOSHI ' 


THE magicians, Lu Shéng and Hsii Shih, interested 
the Ch’in Emperor Shih Huang Ti (B.c. 259-210) in the 
supernatural islands of the Eastern Sea “where the 
immortals may be found and the drug which prevents 
death,” and persuaded him to organize an elaborate 
naval expedition to search for them. In the 28th year 
of his reign (B.c. 219) the Emperor “gave to Hsii Shih 
seeds of the five grains and dispatched him upon his 


voyage with 3000 young men and women, and laborers 
for all kinds of work. Hsii Shih sailed away and discov- 
ered a locality noted for its peace and fertility. There 
he tarried, was made king, and did not return.” His 
grave at present is a place of pilgrimage where visitors 
pray for longevity and happiness. (Contributed by 
Tenney L. Davis and Rokuro Nakaseko, Massachusetts 
Institute of Technology.) 
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@ Completely Up-to-date 
e@ 1947 Atomic Weights 
e@ Lithographed in Six Colors 


This 1947 Edition represents the second extensive 
revision by Dr. W. F. Meggers, Chief of the Spec- 
troscopy Division, National Bureau of Standards. 
Every bit of information on the chart is brought up 
to date. 

The chart is lithographed in six colors and all routine 
information is printed in large type so as to stand out 
distinctly. The atomic number is red; the atomic 
weight is black; and other color differentiations make 
the meaning of the symbols. clear. 

With the chart is supplied a 48-page booklet giving a 
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@ Four Tables and Five - _—_.. 
Graphs Crowded with New Data 


brief but detailed discussion of the characteristics of 
the atom represented on the chart, together with four 
tables containing, in addition to the information on 
the face of the chart, the following: Strongest spectral 
line; K-limit (eV); discoverer of each element and 
date; atomic abundance; closest approach of atoms 
(kX); latent heat of fusion; thermal conductivity; 
electrical resistance; relative abundance; packing 
fraction; mass effect (MeV); mechanical moment; 
magnetic moment; ‘quadruple moment; total cross- 
section for slow neutrons, 
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Many attempts have been made to distinguish be- 
tween pure and applied science, and between science 
and engineering. But we like the following one, re- 
cently brought to our attention from ‘‘German Research 
in World War II,” by Colonel Leslie E. Simon. 


“Tn lieu of definitions, a distinction should be made between the 
scientist and the engineer. Engineers often engage in research, 
and scientists are sometimes called upon to do development work. 
The distinction is one of degree, and it must be admitted at the 
outset that the fields overlap. Nevertheless, it is clear that the 
scientist is more closely associated with basic research, and the 
engineer is more closely associated with design and development. 
Both the engineer and the scientist are well qualified for technical 
research, although one might say that technical research calls for 
the higher-grade engineer and perhaps has less appeal to the 
highest type of scientist. Scientists and engineers differ markedly 
in their attitudes toward their work. One can hire an engineer to 
build a bridge or to undertake some other task. He is likely to do 
so with almost equal cheerfulness irrespective of whether or not 
he has a personal interest, in the desired end. One can see his 
progress, judge when he has completed his work, and make a fair 
estimate of what he has done. The scientist, on the other hand, 
works for himself only. He does not feel keenly the obligation of 











employee to employer. One may finance his work and exercise 
some influence over its general direction. Nevertheless, his 
product is his and contained within his own mind. He can reveal 
just so much of it as he chooses. He is independent of many of 
the controls ordinarily recognized in the employer-employee re- 
lationship and does not hesitate to exercise his independence. 

“Tn considering a program of research and development, in the 
organization of research and development, and in the examination 
of the German experiment, the broad definition of research should 
be avoided. The view that research embraces all the activities 
that lead to a new thing would obscure a critical examination of 
just what the Germans did. In a research and development prc- 
gram it would do a grave injustice to the important contribution 
made to every new and successful article by the ingenious and 
persevering application of the specialists who are engaged in de- 
velopment work. It is important to grant recognition to research 
and give it the place and dignity it deserves. However, it is’ no 
less important to grant recognition to development and give it the 
honor and dignity which it deserves. There should be just as 
much pride in development as there is in research. It will be 
shown subsequently that this is a point which the Germans over- 
looked, and that the consequences of their oversight imposed 
grave penalties upon them and were greatly to the advantage of 
the Allies.” 





Tar rue old-fashioned garden larkspur and the 
stately delphinium contain many poisonous compounds, 
some with therapeutic value, may not be recognized 
by some of our horticultural and ghemical friends. Yet 
since the time of Pliny certain drugs derived from these 
plants have been employed for the relief of numerous 
ailments. Furthermore, in the western United States 
the wild larkspurs are recognized as a major cause of 
cattle poisoning. Certain preparations from larkspurs 
have been found also to have insecticidal properties. 
The chemical compounds responsible for all these 
poisonous and therapeutic properties are alkaloids, over 
a score of which have been isolated from the various 
larkspur and delphinium species. Unfortunately, little 
is known concerning their chemical constitution. 


TAXONOMY OF THE GENUS DELPHINIUM 


In order to understand fully the meanings of the 
words “larkspur” and “delphinium,” we shall survey 
briefly the botanical and horticultural classifications of 
these plants. 

Botanically speaking, all larkspurs and delphiniums 
are members of the genus Delphinium, itself a member 
of the crowfoot family, Ranunculaceae. This family in- 
cludes species of anemone, hepatica, buttercup, clematis, 
aconite, and many others. The genus Delphinium con- 
sists of about 125 species of perennial (and occasionally 
annual), erect, branching herbs of world-wide dis- 
tribution. The genus acquired its name from the 
Greek word delphis, because the shape of the flowers 
suggests the classical figure of the dolphin (78). 

The wild (or naturally-occurring) delphiniums are 
commonly called larkspurs (a name also derived from 
the shape of the flowers) and may be divided into the 
annual and the perennial species (2). Of the annuals 
the most important are two species known collectively 
as the European consolida group: D. Ajacis L. (Annual 
Larkspur) and D. consolida L. (Field or Branching 
Larkspur). They were introduced to the United States 
as garden varieties but, having escaped somewhat from 
the gardens to uncultivated habitat, they may be con- 
sidered as naturalized species of the east and east- 
central states. The two species are often confused. 

The wild perennial delphiniums may he subdivided 
into the low larkspurs and the tall larkspurs. The low 
larkspurs attain a height of about one or two feet, 
blossom early in the spring, and die down soon after 
flowering. They are found in a variety of habitats from 
sea level to foothills and sometimes as high as 10,000 
feet. The tall larkspurs, on the other hand, may reach 
a height of five feet or more, blossom in midsummer or in 


@ LARKSPURS, DELPHINIUMS, AND CHEMISTRY 


ROBERT C. KUDER 
University of Dayton, Dayton, Ohio 


autumn, and grow until frost. They are found chiefly 
in forested ranges, usually at altitudes of 8000 to 11,000 
feet (12). A few typical members of each of these sub- 
groups are: 


Low Larkspurs Tall Larkspurs 

D. bicolor Nutt. (Purple lark- D. Barbeyi Huth (Tall lark- 
spur) spur) 

D. Geyeri Greene (Plains lark- _D. californicum T. & G. (Coast 
spur, Poisonweed) larkspur) 

D. Menziesii DC. (Menzies D. cucullatum A. Nels. (Tall 
larkspur) larkspur) 

D. tricorne Michx. (Dwarf D2. occidentale S. Wats. (Tall 
larkspur, Staggerweed) larkspur) 


D. trolliifolium Gray (Poison 
larkspur, Cow poison) 


The cultivated varieties of delphiniums are likewise 
subdivided into the annuals and the perennials. To the 
horticulturist, only the annuals are known as “lark- 
spurs,’ while the perennials are known as the “true 
delphiniums.” The horticultural varieties are so highly 
developed by cross breeding that it is not possible to 
classify them botanically according to species, but cer- 
tain ancestral characteristics may still be recognized. 
The garden delphiniums may be briefly outlined as 
follows (41). 


CULTIVATED DELPHINIUMS 


I The annual larkspurs 
A The Ajacis type 
1 Tall Rocket Larkspurs 
2 Dwarf Rocket Larkspurs 
3 Hyacinth-flowered Larkspurs 
B_ The consolida type 
1 Double Stock-Flowered Larkspurs 
3 Emperor or Double Giant Imperial Larkspurs 
C The grandiflorum type 
1 Bouquet Larkspurs 
2 Chinese Larkspurs 
II The perennial Delphiniums 
A The elatum type 
1 Candle Larkspurs 
2 Bee Larkspurs 
B_ The cheilanthum type 
1 Garland Larkspurs 
2 Belladonna type 
C The nudicaule or Ruysii type 
Red Larkspurs 


ALKALOIDS FROM DELPHINIUM SPECIES 


Alkaloids have been detected in about two dozen 
different species of Delphinium and it is probable that 
all of the species of this genus contain alkaloids. From 
only six definite species, however, have the alkaloids 
been isolated and their empirical formulas and other 
properties been determined. The alkaloids appear to 
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be distributed throughout all the different parts of the 
delphinium plant, from which they may be isolated by 
extraction with organic solvents. The alkaloidal con- 
tent of the various parts of the plant varies from about 
0.2 per cent to 2 per cent; the greatest concentration 
usually occurs in the seeds. 

Considerable confusion concerning the identity of 
many of the delphinium alkaloids exists in the litera- 
ture. Their high molecular weight and complex struc- 
ture make determination of empirical formulas difficult. 
The structural formulas have not yet been determined 
completely for any of the delphinium alkaloids, although 
some of the substituents on the nitrogen-containing 
kernel have been identified. A list of the crystalline 
alkaloids whose empirical formulas are known is given 
in Table 1. In addition to the crystalline compounds 
listed in this table, several amorphous alkaloids have 
also been isolated—notably methyl-lycaconitine, 
C37HisN2010, which was obtained from horticultural 
D. elatum by Goodson (14). It should be noted that 
alkaloids have been isolated from horticultural varieties 
(D. elatum of Goodson, D. confusum, etc.) as well as 
from the natural species. Further, it should be noted 
that some species (e. g., D. Ajacis, D. staphisagria) con- 
tain more than one kind of alkaloid. 

Certain similarities in the empirical formulas of the 
delphinium: alkaloids can be noticed. Most of them 
contain one nitrogen atom per molecule and six or 
seven oxygen atoms. The functions of all the nitrogen 
and oxygen atoms have been determined for eight of the 
alkaloids. The partial structural formulas for these 
eight are shown in Table 2. It will be noted that in all 
except one of these alkaloids the nitrogen occurs as 
ethylimide; in the exception, delphinine, the nitrogen 
occurs as methylimide. The oxygens occur in hydroxyl 
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Figure 1. Delphinium elatum L., a Naturally 
Occurring Species—from L. H. Bailey, ‘‘The Garden 
of Larkspurs’’ (1939), by permission of The Mac- 
millan Company 


alkylating group is always methyl, except in delpheline, 
in which a methylenedioxy group also occurs. The 
acylating groups are acetyl, benzoyl, acetylanthranoyl, 











groups, either free or alkylated or acylated. The or methylsuccinylanthranoyl. The carbon skeleton 
7 TABLE 1 
Crystalline Delphinium Alklaoids 

Name Formula AP. Species Investigator Ref. 
Delatine Ci9H2;NO;-H2O 148 D. elatum Goodson, 1943 (14) 
Deltaline C2H33NO¢ 180-1 D. occidentale Couch, 1936 (10) 
Delcosine CxuHs3NO¢ 198-9 D. consolida Markwood, 1924 (33) 
i C2HyNO; 198-9 D. consolida Cionga and Tliescu, 1941 : (9) 
Staphisine Cx2H3:NO (?) 200-8 D. staphisagria Jacobs & Craig, 1941 (26) 
Ajaconine C22H33NO; 172 D. Ajacis Goodson, 1945 (17) 
Aaa CaHsiNO; weed D. Ajacis Hunter, 1943 (24) 
Ajacinine 22H37N Og w $e D. Ajacis Hunter, 1943 (24) 
eee C23H33NO7 184-5 D. bicolor Heyl, 1903 (23) 
Base C_ 24H37NO;7 206 D, Ajacis Goodson, 1945 (17) 
Delpheline CsHs9NOc 227 D. elatum Goodson, 1944 (16) 

Condelphine CosHspNOz 156-8 D. confusum, 

: : var. Pop. Rabinovich and Konovalova, 1942 (42) 
Delphamine CosHy NO, 196-200. 5 D. species Rabinovich and Konovalova, 1942 (42) 
Delsoline C2HaNO; 207-9 D. consolida Cionga and Iliescu, 1941 (9) 

‘ 25H NOs 207-9 D. consolida Markwood, 1924 (33) 

Base B_ CosH39NOs 195 D. Ajacis Goodson, 1945 (17) 
Delphisine C3:1H4gNO; 189.2 D. staphisagria Kara-Stojanow, 1889 (28) 
Coz7HysN2O0, als D. staphisagria Marquis, 1877 (34) 

ees a 330151 8 216 D. elatum Keller, 1925 (29) 
Delphinine C33HasNO¢ 198-200 D. staphisagria Jacobs & Craig, 1939 (25) 
Ajacine Cz4HasN209-2H2O . 154 c D. Ajacis Goodson, 1944 (15) 
Ni j 3 C32HuN20s:2H2O re D. Ajacis Hunter, 1943 (24) 
Staphisagroine CaHagN207 275-7 D. staphisagria Ahrens, 1899 (1) 
Base D CisHesN20n 97 D. Ajacis Goodson, 1945 (17) 
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contains 19 carbon atoms (except in delphamine) and 
obviously has a highly condensed ring structure. 
Nothing concerning the actual structure of the carbon 
skeleton is known except that from the selenium dehy- 
drogenation of staphisine several hydrocarbons were ob- 
tained which had absorption spectra resembling poly- 
methylphenanthrenes (26). 





TABLE 2 
Functional Groups in Delphinium Alkaloids 


f Et 
C1sHio) (OH) 





Ajacine (anhydrous) 
OCOC;HsNHAc 
(OMe), 

NEt 
OH 
CisHis) OCOC.,H4NH 


Code sCO 
((OMe), 
NMe 
OH 

CypHo a 


Methyl-lycaconitine 


Delphinine 
(One). 


: NEt 
Base C Ci9Hio; (OH) 4 
(OMe); 
Si 


Base B CisHis) (OH)s 


(OMe); 
NEt 
OH 
Soot 
lOnte), 
NEt 
(OH). 
OAc 
(OMe). 
NEt 
Cala (OFD, 
(ON 


Ne); 


CisHe2 





Delpheline 


Condelphine CipHos 





Delphamine 





Some of the delphinium alkaloids differ from each 
other only in the extent of acylation or methylation of 
the hydroxyl groups. Thus ajacine and methyl- 
lyeaconitine are both acylated derivatives of the base 
CigHigNEt(OH)3(OMe),, lycoctonine. Ajacine can 
actually be hydrolyzed to give lycocotonine and acetyl- 
anthranilic acid, and methyl-lycaconitine can be hy- 
drolyzed to give lycoctonine and methylsuccinyl- 
anthranilic acid. Lycocotonine is also a hydrolytic 
product of the alkaloid lycaconitine (succinylanthran- 
oyllycoctonine), which is obtained from Aconitum 
lycoctonum. This relationship between the delphinium 
and the aconite alkaloids was first suspected by Manske 
(32) in 1938 and definitely established by Goodson (14) 
in 1943. 

Lycoctonine itself may be regarded as a mono- 
methylated derivative of Goodson’s Base C, whereas 
his Base B is a mono-acetylated derivative of the same 
Base C. Delphinine is an acetylbenzoyl derivative of a 
base quite similar to lycoctonine. Delpheline, condel- 
phine, and delphamine are also closely related to 
lycoctonine. 















PHYSIOLOGICAL ACTION OF DELPHINIUM 
ALKALOIDS 


In general the physiological action of the delphinium 
alkaloids is similar to the action of. the aconite alkaloids, 
such as aconitine, C3,4HyNOn. This similarity is not 
surprising in view of the chemical likeness noted above. 
Delphinine has also been compared to veratrine, 
Cz2HigN Oop, in its physiological action. The chief differ- 
ence between the action of delphinine and that of 
aconitine and veratrine is the direct depressing action of 
delphinine on the vasomotor and respiratory centers of 
the spinal cord, medulla oblongata, and afferent vagus 
fibers, resulting in death by asphyxiation rather than by 
paralysis of the heart muscles, as in the case of aconitine 
and veratrine poisoning. Because of the circulatory 
effect of delphinine, however, the heart action is weak 
and stops about as soon as respiration ceases (36). 

An amorphous mixture of alkaloids, obtained from 
the roots of D. bicolor, D. Menziesit, D. Nelsonii, and D. 
scopulorum, was named delphocurarine because of its 
curare-like action (23). Curare, a South American 
arrow-poison, is nontoxic when taken orally, but on 
hypodermic injection it acts as a rapid and powerful 
poison, due to paralysis of the striped-muscle motor 
nerve endings, resulting in cessation of voluntary move- 
ments and finally death from respiratory failure (21). 
Delphocurarine in warm-blooded animals produces a 
temporary lowering of the blood pressure and destroys 
the normal action of peripheral vagus stimulus (7). 

The ‘toxicity of some of the delphinium alkaloids is 
indicated in Table 3. 


DELPHINOSIS 


In view of the toxic properties of the delphinium alka- 
loids described above, it is not surprising that the con- 
sumption of delphinium plants is harmful to animals. 
The poisoning of cattle resulting from eating delphinium 
plants is known as delphinosis and is a common cause of 
stock losses on the ranges of the western United States. 
Larkspurs cause more loss among cattle than any other 
poisonous plant except locoweeds (30, 36, 39). 

In addition to the annuals, D. Ajacis and D. consolida, 
at least 16 species of low larkspurs and 13 species of 
tall larkspurs have been found to be definitely toxic. 
The most widely distributed of the tall larkspurs is 
D. Barbeyi (Tall Larkspur). Found in open woods and 
grassy mountain parks at altitudes of 8000—11,000 feet 
in Montana, Wyoming, Colorado, Utah, and farther 
south, it is responsible for greater losses of cattle than 
any other species of Delphinium. The most common 
low larkspur is D. Menziesit (Menzies Larkspur, Purple 
Larkspur, Low Larkspur). Found in hills, open ranges, 
and mountain meadows from California and New 
Mexico north to Alberta, British Columbia, and Alaska, 
it is probably the most destructive low larkspur because 
of its occurrence in such enormous masses (35). In 
some states, such as California, Oregon, and Wyoming, 
and in the mountainous regions of Colorado, delphinosis 
is responsible for more cattle losses than any other 
plant poisoning, including that due to locoweed (13, 
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TABLE 3 
Toxicity of Delphinium Alkaloids 
Lethal dose, Toxic dose, ee 

Source Alkaloid mg./kg. mg./kg. Animal Ref. 
D. Barbeyi Amorphous 6 Rabbit (3, 6) 
D. Barbeyi M. P. 124-5° 80 dds Rabbit (3, 6) 
D. bicolor Amorphous 20 15 Rabbit (6) 
D. bicolor Delphocurarine* ares 1.0 Frog (7, 23) 
D. cucullatum M.P.178° 40 33 Rabbit (6) 
D. Geyeri Amorphous 19-21 12-16 Rabbit (3, 6) 
D. Geyeri M. P. 207-8° 50 as: Rabbit (3,-6) 
D. Geyeri M. P. 214-5° CO 5:9 Rabbit (3, 6) 
D. glaucescens Amorphous 35 Rabbit (3) 
D. glaucescens M. P. 208.5-9.5° 35 ele Rabbit (3) 
D. Nelsonii Amorphous 10 6 Rabbit (6) 
D. staphisagria Delphinine 0.1 Frog (7) 
D. staphisagria Delphinine 1.5 Cat, dog (28) 
D. staphisagria Delphisine 0.7 Cat, dog (28) 
D. staphisagria Delphinoidine 5 Cat, dog (28) 





* Also obtained from D. Menziesii, D. Nelsonit, and D. scopulorum. 


19, 31, 44). In fact, in Wyoming the one species D. 
Geyer. (Geyer’s Larkspur, Plains Larkspur, Poison 
Weed) is claimed to be responsible for more losses 
among cattle than are all the other poisonous plants of 
the state combined (3, 4, 5, 22, 31). 

The larkspurs are poisonous for horses and cattle, but 
usually not for sheep; horses, however, rarely eat 
enough of the plants for the harmful effects to be 
noticed, epecially on the open range. A quantity of 
plant material of about two to three per cent of the 
weight of the animal is necessary for serious poisoning or 
death. The general symptoms are apparently the 
same regardless of the species causing the poisoning: 
a staggering gait, abdominal pain, and finally con- 
vulsions, resulting in death due to respiratory failure 
(12, 36, 39, 45). Hence the common names—Poison 
Weed, Staggerweed, etc.—are often applied to several 
species of delphiniums. 


THERAPEUTIC VALUE 


Several therapeutic preparations from a few of the 
Delphinium species have been recognized officially. 
Here again the effect of the preparations is probably 
due to their alkaloidal content. 

From D. Ajacis is obtained the drug, Larkspur N.F. 
VI, consisting of the dried ripe seeds of this species. 
Besides the alkaloids the seeds.also contain volatile and 
fixed oils, gums, resins, and gallic and aconitic acids 
(37). The official preparations are Tinctura Delphinii 
N.F. VI (Tincture of Larkspur) and Tinctura Delphinii 
Acetica N.F. VI (Acetic Tincture of Larkspur). The 
Tincture of Larkspur is used externally as a parasiticide 
in pediculosis capitis et pubis (infestation with head and 
crab lice). The Acetic Tincture of Larkspur (also 
known as Larkspur Lotion) is also used externally as a 
pediculicide (40). 

Preparations from D. consolida were at one time used 
for a variety of ailments, but at present are only used as 
a local application for the destruction of lice in the hair 
(46). The drug or alkaloid, delphocurarine, which is 
obtained from D. scopulorum and other species, has 




















Figure 2. Candle Larkspurs. Left, As Seen in 
Old Gardens; Right, One of the Ameliorated Double- 
Flowered Kinds—from L. H. Bailey, ‘‘The Garden of 
Larkspurs’’ (1939), by Permission of The Macmillan 
Company 


been used hypodermically as an antidote for hydro- 
phobia, tetanus, and strychnine (38). 

Perhaps the oldest Delphinium preparations are 
those obtained from D. staphisagria (Stavesacre, 
Lousewort). The ripe seeds of this species have been 
used since the time of Pliny as a louse preventive (27, 
36). Known commonly as lice grains or Stephans 
grains, or technically as Staphisagria U.S.P. IX or 
Staphisagriae Semina B.P., these seeds contain malic 
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acid and fixed oil in addition to all the staphisagria 
alkaloids (delphinine, delphisine, staphisine, staphisa- 
groine, and others) (37). Official preparations are: 
Fluidextractum Staphisagriae U.S.P. (Fluidextract of 
Staphisagria); Lotio Staphisagria B.P.C. (Stavesacre 
Lotion or Nursery Hair Lotion), employed as a lotion 
for children’s hair, being used to kill pediculi and their 
ova; and Unguentum Staphisagria B.P. (Stavesacre 
Ointment), used as a parasiticide to kill pediculi capitis 
et pubis (8). The alkaloid delphinine itself was formerly 
employed for its antipasmodic and antineuralgic action, 
but at present it is only rarely used, being restricted to 
external application in pediculosis and occasionally in 
scabies (infestation with scab mites; mange) (37, 38). 

The use of larkspur tinctures to destroy lice is not 
without undesirable effects; it is often accompanied 
by acute dermatitis resembling eczema, evidenced by 
redness and vesicles. Delphinine itself is a mild vesi- 
cant, producing burning and inflammation when ap- 
plied to the skin. Ointments containing delphinine, 
when rubbed on the skin, cause burning, prickling, and 
a transitory redness, such as veratrine produces (47). 
It is reported that even the herbage of larkspur causes a 
burning sensation (20). 


INSECTICIDAL ACTION 


The oil and the alkaloid from D. Ajacis seeds possess 
insecticidal properties against insects, such as bedbugs 
(48). The alkaloid of D. Brownii has been found to be 
promising as an insecticide for mosquitoes and potato 
beetles. It is not expected to excel nicotine sulfate as a 
contact insecticide but it may prove to be a superior 
stomach poison and feeding repellant (44). 

The larkspur oil from the seeds of D. consolida, when 
used in the form of soap emulsions, is toxic to red 
spiders and aphids. Delsoline and delcosine are highly 
toxic to aphids and thrips and of some value as stomach 
poisons against certain leaf-feeders, but are ineffective 
against red spiders (1/). 

From D. staphisagria, stavesacre oil (as a soap emul- 
sion) is also toxic to red spiders and aphids. Delphinine 
is toxic to thrips but not to aphids, red spiders, ete.; it 
is also effective as a stomach poison: Usually, delphinine 
is much less toxic than the consolida alkaloids (11). * 


LITERATURE CITED 


(1) Anrens, F. B., Ber., 32, 1581-4, 1669-70 (1899). 

(2) Battey, L. H., “Cyclopedia of American Horticulture,” 
The Macmillan Company, Inc., New York, 1900, pp. 
464-7. 

(3) Beatu, O. A., Wyo. Agr. Exp. Sta. Bull., 120 (1919). 

(4) Beatu, O. A. * ibid., 126, 9-13 (1921). 

(5) Beat, O. A of 5: DRalze, AND C. 8. Grazer, ibid., 200, 
12-20 (1934). 

(6) Beatu, O. A., AND A. NELSON, tbid., 143, 51-70 (1925). 

(7) Boru, R., “Handbuch der Experimentelle Pharmakologie,”’ 
Volume 2, pt. 1, 283-319 (1920). 

(8) “British Pharmaceutical Codex, 1923,’ The Pharmaceutical 
Press, London, 1923, pp. 1063-4. 

(9) Cronaa, E., anp C. Ixiescu, Ber., 74B, 1031-4 (1941). 

(10) Coucn, J. F., J. Am. Chem. Soc., 58, 684-5 (1936). 

(11) Davipson, W. M., J. Econ. Entomol., 22, 226-34 (1929). 

(12) Durrewi, L. W., anv I. E. Newson, Colo. Exp. Sta. Bull., 
429, 35-6 (1936). 


JOURNAL OF CHEMICAL EDUCATION 


(13) GuLover, G. H., Colo. Agr. Exp. Sta. Bull., 
(1906 

(14) Goopson, J. A., J. Chem. Soc., 139-41 (1943). 

(15) Goopson, J. A., ibid., 108-9 (1944). 

(16) Goopson, J. A., ibid., 665 (1944). 

(17) Goonson, J. A., ibid., 245-6 (1945). 

(18) Gray’s ‘‘New Manual of Botany,” 7th ed., American Book 
Company, Inc., New York, 1908, pp. 405-6. 

(19) Hau, H. M., ano H.S. Yares, Calif. Agr. Exp. Sta. Bull., 
249 (1915). 

(20) Hausreap, B. H., NV. J. Agr. Exp. Sta. Bull., 135, 24 (1899). 

(21) Henry, T. A., “The Plant Alkaloids,” The Blakiston Com- 
pany, Philadelphia, 1939. 

(22) Hey, F. W., F. E. Hepner, anv S. K. Loy, J. Am. Chem. 
Soc., 35, 880-5 (1913). 

(23) Herz, G., Stiddeut. Apoth. Zt., 
Chem. Zentr., 
(1903). 

(24) Hunter, M. V., Chemist and Druggist, 139, 304 (1943); 
Pharm. J., 150, 82, 95 (1943); Quart. J. Pharm., 17, 302 
(1944). 

(25) Jacoss, W. A., anp L. C. Crata, J. Biol. Chem., 127, 361-6 
(1939); 128, 431-7 (1939); 136, 303-21 (1940). 

(26) Jacoss, W. A., anv L. C. Crare, ibid., 141, 67-84 (1941). 

(27) Jarerzxy, R., anp H. JANECKE, Arch. Pharm., 278, 156-62 
(1940); Chem. Abstracts, 35, 2271 (1941). 

(28) Kara-Srosanow, C., Inaugural Dissertation, University of 
Dorpat (1889); Schweiz. Wochschr., 28, 287-9; Pharm. 
Z. Russ., 29, 628-30, 641-8, 657-64, 673-8, 689-92, 705-8, 
721-6 (1890); Chem. Zentr., II, 625-6 (1890); J. Pharm., 
(5) 23, 302-6 (1891); J. Chem. Soc., 60, 842-3 (1891). 

(29) Keer, O., Arch. Pharm., 263, 274-93 (1925). 

(30) LAWRENCE, 'W. E., Ore. Agr. Exp. St. Bull., 
(1922). 

(31) Loy, 8. K., F. W. Heyi, anv F. E. Hepner, Wyo. Agr. 
Exp. Sta. 23rd Ann. Rept., pp. 73-9 (1913). 

(32) Manske, R. H. F., Can. J. Research, 16B, 57-60 (1938). 

(33) Marxwoop, L. N., J. Am. Pharm. Assoc., 13, 696-702 
(1924). 

(34) Marquis, Arch. exp. Path. Pharmakol., 7, 55-80 (1877); 
Pharm. Z. Russ., 16, 449-59, 481-92, 513-22 (1877); 
Jahresber. Phar., 894-7 (1877). 

(35) Marss, C. D., U. S. Dept. Agr. Bull., 1245, 7-12 (1924). 

(36) Marsn, C. D., A. B. Crawson, ano H. Marsa, ibid., 365 
(1916). 

(37) ‘“The Merck Index,” 5th ed., Merck & Company, Rahway, 
N.J., 1940, pp. 188-9, 310, 529. 

(38) ‘“‘Merck’s 1907 Index,” 3rd ed., Merck & Company, New 
York, 1907, pp. 163, 166. 

(39) Muenscuer, W. C., “Poisonous Plants of the United 
States,” The Macmillan Company, New York, 1939, pp. 
79-8 t. 

(40) “The National Formulary,” 6th ed., 
Washington, 1935, pp. 402-3. 

(41) Puiurs, G. A., “Delphiniums,’”’ The Macmillan Company, 
New York, 1933. 

(42) Rasrnovicu, M.S., ann R. A. Konovatova, R. A., J. Gen. 
Chem. U. S. S. R., 12, 321-8, 329-36 (1942); Chem. 
Abstracts, 37, 3097 (1943). 

(43) Sampson, A. W., anp H. E. Mauastegn, Calif. Agr. Exp. Sta. 
Bull., 593 (1935). 

(44) Srutrz, H. T., anv N. A. Parrerson, Sci. Agr., 21, 776-82 
(1941); "Chem. Abstracts, 35, 7634 (1941). 

(45) THomson, R. B., ano H. G. Srrron, “A Guide to the 
Poisonous Plants and Weed Seeds of Canada and the 
Northern United States,” University of Toronto Press, 
1922, pp. 56-9. 

(46) “U.S. Dispensatory,” 22nd ed., J. B. Lippincott Company, 
Philadelphia, 1937, pp. 389-90. 


(47) Wurre, J. C., “Dermatitis Venenata,”’ Cupplee & Hurd 


113, 10-19 


43, Nos. 28-30 (1903); 


I, 1187-8 (1903); J. Chem. Soc., 84; 650 


187, 11-4 


Am. Pharm. Assoc., 


Boston, 1887, pp. 119-20. 
(48) Witurams, J. B., Am. J. Pharm., 86, 414-6 (1914). 








al 
ac 
ca 
ce 
sO 








n Book 
. Bull., 


(1899). 
1 Com- 


Chem. 


1903) ; 
4; 650 


1943); 
7, 302 


361-6 


41). 
56-62 
‘ity of 
harm. 
05-8, 
arm., 
1). 
114 
Agr. 


) 


5-702 


877); 
877); 


t). 
, 365 


way, 
New 


nited 
|, Pp. 
soc., 


any, 


Gen. 
hem. 


Sta. 
3-82 


the 
the 
eSs, 


ny, 


ird 








INTRODUCTION 


With the increase in general interest in fluorescence 
and phosphorescence in recent years as the result.of the 
advent of the fluorescent lamp and the increasing appli- 
cations of the so-called ‘“‘black-light” type of lumines- 
cence, it seems desirable at the present time to review 
some of the fundamentals of these phenomena. 

Fluorescence and the closely related property of 
phosphorescence both come under the general designa- 
tion of luminescence (or photoluminescence) which may 
be defined as the production of light by a substance un- 
der excitation by energy of another wave length. The 
exciting radiation must have a wave length which falls 
within a critical absorption band and, in general, the 
emitted light is of a longer wave length than that of the 
exciting energy (Stokes’ law). 

The difference between fluorescence and phosphores- 
cence lies entirely in the time lag involved in the re- 
emission of light after the exciting source has been re- 
moved. With fluorescence, emission of light by the 
substance ceases immediately when the energizing 
radiation is extinguished. For this case the duration of 
afterglow has been found by a number of investigators 
to be of the order of 10-* seconds. A phosphorescent 
material, on the other hand, continues to emit light for a 
period of time after the energizing source has been re- 
moved. The duration of the afterglow varies with the 
substance and may be anything from 10~? seconds to 
several days. 

Another phenomenon known as chemiluminescence 
involves the production of light by chemical excitation 
of the molecules. Luminescence of this type is com- 
monly observed in decaying wood when certain types 
of bacteria are present, the firefly, luminous marine or- 
ganisms, and yellow phosphorous. In all instances, an 
oxidation process is involved in the evolution of the 
light. An easily demonstrated example is afforded by 
3-aminophthalhydrazide, or “luminol,” which emits a 
brilliant blue luminescence in alkaline solution in the 
presence of an oxidizing agent. 

Generally, as already pointed out, fluorescence is 
produced by excitation of a substance with light of short 
wave length which is absorbed and converted to an 
emitted radiation of longer wave length. This follows 
the classical formula laid down by Stokes’ law. There 
are, however, a few exceptions which are generally de- 
scribed as ‘‘Anti-Stokes’ Radiation.” 

A convenient source of the short wave-length energy 
required for fluorescence excitation is provided by the 
ultraviolet region of the electromagnetic spectrum which 
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lies just below the visible region of 4000-7800 a.u. (see 
Figure 1). 
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Figure 1. Electromagnetic Spectrum 


This ultraviolet region extends from about 1850- 
4000 a.u. and is usually subdivided into two regions: 
1850-3000 a.u., known as the far ultraviolet, and 3000— 
4000 a.u., the near ultraviolet. Energy in the far ultra- 
violet is utilized for excitation of the fluorescent powders 
used in the commercial fluorescent lamp and as a source 
of bacteria killing energy in germicidal lamps of various 
kinds. Radiation in the near ultraviolet produces 
tanning and burning of the skin and is used to excite a 
large number of organic and inorganic substances to 
fluorescence and phosphorescence. 

Fluorescence can be produced in a large number of 
common organic substances, such as oils, grease, dairy 
products, seeds, plants, woods, paper, etc. It is true, 
however, that in most instances the emitted radiation 
is of a low order of brightness. Fluorescence can also be 
excited in many minerals and artificially prepared sub- 
stances, both solid and in solution. Examples may be 
found in the case of such dyestuffs as rhodamine B, 
eosin, and fluorescein and such solid inorganic sub- 
stances as sulfides, oxides, borates, tungstates, and 
silicates. 

The phenomenon of fluorescence is attributed to the 
displacement of an electron from the outer shell of an 
atom toa higher energy level; on its return to its normal 
level it may emit light in the visible region in passing 
through various transmission levels., In the case of 
phosphorescence the same type of electron shift occurs 
but a delay in the return of the electron to its normal 
energy level enables the light emission to persist after 
the exciting source has been removed. 


FLUORESCENCE OF GASES 


Fluorescence may occur in gases and in this case the 


* phenomenon is known as resonance radiation. The ex- 


citing energy must have a wave length corresponding to 
an absorption band of the gas. Excitation of the atoms 
or molecules of the gas by absorption of energy is suffici- 
ent to cause angelectron to be driven out to an outer 
orbit. 
The luminescence is caused by the return of the ex- 
cited electron to its normal orbit. This electron return 
is accompanied by emission of energy of the same fre- 
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quency, and hence the same wave length, as the exciting 
radiation. 

The energy F which is evolved may be represented as 
the difference in energy of the initial and final electronic 
states and may be indicated by the equation 


E = HE, — E, = hv 


where EZ, represents the total energy of the atom in the 
higher (excited) state and E, the total energy in the 
lower (normal) state. This difference may be equated 
to hv, where h is Planck’s constant and v the frequency of 
the emitted energy. 

To illustrate this, let us use mercury vapor as an ex- 
ample. From Figure 2, which is the energy level diagram 
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Figure 2. Energy Levels of Mercury 


for mercury, it can be seen that only the 1849-a.u. and 
2537-a.u. lines, corresponding to the 61S,;-6'P,; and 
6 1So-6 *P, transitions, can be absorbed according to the 
selection rules. These lines are emitted as fluorescent 
light and are known as resonance lines because they 
have the same wave length as the energy irradiating the 
mercury vapor. 


FLUORESCENCE OF LIQUIDS AND SOLUTIONS 


Fluorescence also occurs in the liquid state; actually 
there are two kinds of liquid fluorescence, in the pure 
state and in solution. In fact, the best Rnown example 
of fluorescence is that of certain organic substances in 
solution and it was this type that led to the discovery of 
the phenomenon itself. In general, fluorescence of dis- 
solved substances is most marked in dilute solutions, 
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the luminescence first increasing and then decreasing as 
the concentration of the fluorescent compound is in- 
creased. 

As the concentration of the dissolved substance in- 
creases in solution, the probability of collisions between 
excited and unexcited molecules of the same kind also 
increases. Asa result of this the total number of excited 
molecules is reduced by collisions of the second kind and 
the fluorescence is thus diminished. 

Collisions with solvent molecules apparently do not 
quench the fluorescence appreciably. This is quite well 
established by the fact that there is not much difference 
in intensity of fluorescence of the same substance in 
different solvents. 

With higher concentrations in solution, the fluores- 
cence is quenched by association of the molecules. “The 
larger, associated molecules which are formed under 
these conditions do not fluoresce. 

In the case of solids, the conditions under which 
fluorescence will occur are somewhat more complex. 
Some organic substances will fluoresce in the dry state 
but more often it is necessary to dissolve them in sol- 
vents. Some dyes exhibit fluorescence on the dyed 
fabric but neither in solution nor in powdered form. In 
such instances the nature of the fabric as well as the 
concentration of dyestuff used has a marked effect on 
the intensity of the fluorescence. 

In the past a number of complicated theories were ad- 
vanced to explain fluorescence in solution. A study of 
the substances which fluoresce showed that all the 
fluorescing molecules which had been observed had a 
complex chemical structure. 

An attempt was made to connect visible color and 
fluorescent color with the groups within such a molecule. 
‘“‘Chromophore”’ groups were considered as producing 
the color, “auxochromes”’ as enhancing the color, and 
“fluorophor” groups as producing fluorescence. 

In the light of present-day information these con- 
siderations are of little importance inasmuch as the 
appearance of color is due to a special case in which the 
absorption band is situated within the visible part of 
the spectrum and because it is now known that some 
substances of simple constitution have been found to 
have at least a low order of fluorescence. About the 
only generalization that can be made is that substances 
which have a rather complex chemical structure, 7. e., 
presence of unsaturated rings, etc., are the most likely 
to emit a strong fluorescence. The presence of the ring 
structure alone is not sufficient. Evidently the groups 
must be well protected in the molecule, for pyridine 


ii 


does not fluoresce while acridine 


ose 


exhibits a blue fluorescence. 
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TABLE 1 
Fluorescence of Rhodamine B at Various Concentrations 
in Cellulose Acetate Films 








Peak in Yield of 
Molar fluorescence fluorescence, Per cent 
concentration (A. U.) of radiant energy 
4 X 10-6 5900 5.4 
4.x 165% 5930 28.3 
4% 10°" : 6050 44.0 
4’ 107° 6210 4.6 
3 X 107? 6250 ¥.0 





Examples of compounds which fluoresce in the 
liquid state are paraffins, olefins, benzene, and various 
other types of hydrocarbons and cyclic compounds. 
The fluorescence of most of these substances is not very 
intense, benzene being the only one with a reasonably 
bright luminescence. 

Ketones and aldehydes exhibit luminescence when 
dissolved in suitable solvents but the most extensive 
studies of fluorescence have been made with solutions of 
dyestuffs, such as fluorescein, eosin, rhodamine B, 
halogen-substituted fluoresceins, 6-naphthol, phthali- 
mide, quinine, esculine, and the like. 

Rhodamine affords a good example of a dyestuff 
which fluoresces brilliantly in solution but which is 
completely inactive in the pure solid state. In solution 
rhodamine may be excited to fluorescence by ultra- 
violet or by radiation lying within the range of its ab- 
sorption band in the visible spectrum. In Figure 3 the 
relative positions of this absorption band and the 
fluorescence band may be observed (/). It is easily seen 
that each band is nearly the mirror image of the other, a 
relationship first pointed out by Levshin (2). 


QUENCHING OF FLUORESCENCE IN SOLUTIONS 


Fluorescence in gases is quenched by collisions with 
molecules or atoms of the same kind or of added gases. 
Similar phenomena occur in liquids and in solutions. 

Concentration quenching in solutions has already 
been discussed in another part of this paper and it was 
pointed out that increasing concentration promotes the 
probability of collisions between excited and unexcited 
molecules. When this occurs, energy is transferred to 
the unexcited molecule; after this, neither of the two 
molecules has sufficient energy to reach the higher 
energy level necessary to originate emission of fluores- 
cence. 

A decrease in clanedihg reduces the intensity of the 
fluorescence. Evidently the lower viscosity enhances 
the motion of the particles, thus making it easier for 
collisions of excited and unexcited molecules to take 
place. 

The effect of increase of temperature in most cases is 
to enhance the quenching effect as the number of col- 
lisions is increased. Where associated molecules are 
present in the liquid, the higher temperature will tend 
to remove the association and the fluorescent intensity 
will be increased. This is particularly noticeable in 
aqueous solution, for water has a strong tendency to 
form associated molecules. 
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A number of investigators, including Jennes, Speas, 
and Levshin (2), have studied the effect of temperature 
and concentration on the absorption and fluorescence 
bands. With rhodamine B, an increase in concentration 
or a decrease in temperature shifts the peaks of the 
bands to longer wave lengths. Table 1 shows the effect 
of increased concentration of rhodamine B on peak 
wave length of fluorescence in cellulose acetate films 
(3). 

In the case of fluorescein, on the other hand, a de- 
crease in temperature shifts the position of the bands to 
shorter wave lengths. The shift in the fluorescence 
bands with temperature is not the same for different 
substances in solution, but for a given dissolved com- 
pound the change is always in the same direction for the 
fluorescence as for the absorption bands. 

Certain types of fluorescent compounds which dis- 
sociate at least to some extent in solution can be used 
as indicators for the hydrogen-ion concentration of a 
solution. The intensity of the fluorescence of some of 
these substances increases with the pH of the solution; 
in others a change of color also occurs. In Figure 4 the 
intensity of fluorescence of riboflavin is plotted as a 
function of pH (4). ° 

Table 2 shows the effect of change of hydrogen-ion con- 
centration in solution upon the fluorescent color of a 
number of indicators. 
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Figure 3. Adsorption and Fluorescence Spectra of Rhodamine in 
Alcohol Solution (/) 
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Intensity of Fluorescence of Riboflavin as a Function of pH 


(4) 


Figure 4. 


Thus fluorescent indicators may be used to indicate 
pH changes in solution in an analogous manner to other 
types of indicators*which produce color changes in 
various hydrogen-ion concentration ranges. Fluores- 
cent indicators, such as eosin, fluorescein, and dichloro- 
fluorescein, have been used in precipitation titrations to 
indicate the end point by the appearance of an adsorbed 
color on the surface of the precipitate suspended in the 
solution (6). 

Fluorescence in solution may also be quenched by 
adding another dyestuff or salt (fluorescing or non- 
fluorescing) with an absorption band which is close to 
the emission band of the fluorescent substance. For ex- 
ample uranine may be quenched by eosin or rhodamine 
B by potassium permanganate. The quenching takes 
place by transfer of energy from the excited molecule to 
the added molecule by a collision of the second kind and 
isa resonant effect, for the degree of deactivation increases 
the closer together are the energy levels of the colliding 
molecules (6, 7). 


FLUORESCENCE OF SOLID INORGANIC SUBSTANCES 


Solid inorganic fluorescent materials, commonly 
called phosphors, usually fluoresce only when a small 
amount of impurity is present. It has been demon- 
strated that a low degree of blue florescence can be pro- 
duced in fired zinc sulfide which has been previously 
carefully purified. However, this fluorescence might 
have been caused by some small amount of residual im- 
purity which the chemical purification had not been 
capable of completely removing. 





TABLE 2 
Color change 





Indicator 


Benzoflavin 

Aesculin 

Salicylic acid 

Eosin 

a-Naphthylamine 
Fluorescein 

8-Naphthol 

a-Naphthol sulfonic acid 
B-Naphthol sulfonic acid 





Yellow to green 
Colorless to blue 
Colorless to dark blue 
Colorless to green 
Colorless to blue 
Colorless to green 
Colorless to blue 
Blue to violet 

Blue to violet 
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In most cases fluorescence can be produced in inor- 
ganic substances only when a small smount of some 
foreign compound is present. Such compounds are 
termed activators and are usually metallic in nature. 
Apparently, the tungstates and molybdates provide an 
exception to this rule inasmuch as they are capable of 
fluorescing without the presence of an activator, but it 
is possible that the fluorescence is produced by a non- 
homogeneous arrangement of some of the component 
atoms in the crystal lattice. 

Fluorescence appears in the alkaline halide phosphors 
when a trace of thallium is added. Evidently the 
fluorescence is produced by-excitation of the thallium. 
This is borne out by the appearance of two new absorp- 
tion bands when thallium is present and the fact that 
fluorescence results from radiation of any wave length 
lying within these bands (8, 9). t 

As in the case of solutions where an optimum concen- 
tration of dyestuff existed, there is an optimum content 
of activator for phosphors of this type. The fact that 
the fluorescent intensity reaches a maximum with in- 
creasing activator content and then decreases with 
larger amounts of the added impurity suggests that an 
excited activator atom can lose energy when an atom of 
the same kind approaches it too closely. Table 3 shows 
the variation in the relative intensity of the fluorescencé 
of cesium iodide activated with different percentages of | 
thallium (3). 








TABLE 3 


Fluorescence of Cesium Iodide Activated with Various 
Percentages of Thallium 





Relative 


Percentages of thallium 
fluorescence 


by weight 


0.07 
0.22 
0.37 
1.11 
8.70 











Activators for the alkaline earth sulfides and zinc 
sulfide include copper, silver, manganese, antimony, 
lead, and bismuth (10). The color of the fluorescence 
produced varies with the activator used. For example, 
the color of the fluorescence of zinc sulfide can be 
changed over a wide range of wave lengths from blue to 
red, depending upon the nature of the foreign metal im- 
purity added. 

Manganese is extensively used as an activator for the 
silicate class of phosphors (//). In the case of zinc 
silicate, the fluorescence spectrum is displaced toward 
the red with increase of manganese content in the phos- 
phor as can be seen by examination of Table 4 (3). 

The tungstates apparently require no foreign activa- 
tor but it is quite possible that an excess of the metal 
may be present in the crystal lattice after firing. 

The light emitted by a phosphor usually covers a 
wide range of wave lengths in the visible spectrum and 
as a result pastel shades are produced. For example, 
CaWO, fluoresces pale blue, CdsB,O, pink, and Zn,SiO,: 
Mn green. The spectral distribution of six different 
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TABLE 4 


Effect of Manganese Concentration upon the Color of 
Fluorescence in Zinc Silicate Phosphors 








Percentage of Peak in fluorescence 
manganese (A.U.) 
1 5270 
0.4 5280 
0.9 5290 
1.4 5310 
2.3 5330 
4.5 5350 





commercial phosphors used in fluorescent lamps is 
given in Figure 5 (12). 

Phosphors are prepared by firing the basic salt or 
mixture of salts, usually with a small amount of 
activator, at a temperature a little below the melting 
point. The efficiency of a phosphor varies with the 
amount of activator added. The efficiency increases 
with increasing concentration of the added element up 
to a maximum, which for sulfides is reached at about one 
activator atom in every. 10‘ molecules of the base ma- 
terial. For silicates the optimum is reached at a higher 
concentration—approximately one atom out of every 
200 should be manganese (1/3). Extreme care must be 
taken in the preparation of these phosphors to exclude 
unwanted foreign elements, as some of these may act as 
poisons or fluorescence inhibitors. 

In Table 5 is presented a survey of the properties of 
several different types of phosphors. In this summari- 
zation phosphors which require an activator are written 
with the chemical symbol of the activator following the 
molecular formula of the phosphor, 7. e., ZnS-Cu, 
ZnBeSiO.-Mn. Quantum efficiencies as measured by 
Thayer and Barnes (14) are included for some of the 
fluorescent powders in the table. 


THEORY OF PHOSPHORS 


Any theory which attempts to explain the cause of 
fluorescence in inorganic substances must take into 
account the present-day picture of the behavior of 
electrons in crystalline solids (13, 15, 16). The struc- 
ture of crystals is such that it is not possible to dis- 
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tinguish the individual molecules which make up the 
whole; the appearance is in general as a continuous 
bunch of closely packed atoms. The arrangement of 
the atoms in the crystal lattice leaves a distribution of 
positive and negative charges at fixed distances apart. 
In fact, in the case of inorganic salts it is well established 
that the ions which appear in solution actually exist in 
this state in the crystal lattice and hence present an 
alternation of positive and negative charges in the 
solid. This definite arrangement of opposite charges 
produces a regularly varying electrical field. 

If we assume the crystal to be only a single row of 
atoms, it is possible to compute the allowable energies 
that a single negative electric charge may have in the 
associated electric field. These calculations show the 
energies to be discontinuous. Allowable energy levels 
for an electron in this electric field lie in certain discrete 
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Figure 5. Spectral Energy Distribution of Fluorescent Light From 
Six Different Phosphors Used in Commercial Lamps: A, ‘‘Green’’; 
B, ‘‘Cream White’’; C, ‘‘Warm White’’; D, ‘‘White’’; E, ‘‘Daylight’’; 
F, ‘‘Soft White’’ (12). 








TABLE 5 
Properties of Phosphors 


‘ 
t 








Approximate peak Quanta of fluorescent 
wave length of Fluorescent light per incident 
Class Phosphor Excitation (A.U.) color quantum of 2587 A.U. 

Sulfides ZnS-Cu 3200-3900* Green 

ZnS: Ag 3200-3900* Blue 

ZnS-CdS- Ag 3200-3900* Blue to red depending 

on mixture 

CaS - Bi 3200-3900* Blue 
Borate Cd;B.0, 2530 Pink 0.66 
Silicates Zn,SiO,- Mn 2600 Green 0.74 

Cd,Si0,-Mn 2600 Pink 0.55 

ZnBeSiO,- Mn 2600 ° Pink 0.53 
Tungstates CaWO, 2700 Blue 0.70: 

CaWO,-Pb 2700 Blue 

MgwoO, 2800 Blue-white 0.70 





* The sulfides as a group are most efficiently excited by radiation between 3200 A.U. and 3900 A.U., the peak wave length varying 


with the type of sulfide and the amount and kind of activator present. 
































428 


bands. These bands are separated by forbidden regions 
which become narrower in the higher energy regions but 
never quite disappear. 

These levels apply to the crystal as a whole; they are 
not atomic energy levels. To explain fluorescence, it is 
necessary to take into account the higher energy bands. 
It is known in the case of phosphors that the top band 
is unoccupied. The next lower band is “forbidden” and 
the one below this is normally filled with electrons (see 
Figure 6A). 


Qa EMPTY a 
6 FORBIDDEN Z 
c 


YH) NORMALLY OccuPiED [7% My c 


BY ELECTRONS 


A B 
Figure 6 


If exciting radiation suth as ultraviolet light falls on 
the type of crystal represented in Figure 6A and the for- 
bidden band is wide, nothing will happen. If it is 
narrow enough, electrons will shift from c to a. When 
these electrons return to their normal energy level c, 
emission of fluorescent light takes place. This explana- 
tion applies only to fluorescence of a pure substance. In 
most instances the forbidden band b is too wide for 
the electrons to jump across. 

In order to make fluorescence possible, it is necessary 
to introduce a foreign substance (activator) into the 
crystal. These stranger atoms will set up new impurity 
levels at various localities in the crystal lattice. If the 
nature of the added compound is such as to put new 
localized energy levels in the forbidden band 8, an inter- 
mediate step is now provided for electrons to jump to 
when they leave band c. A local energy level of this 
nature is indicated as 1 in Figure 6 B and electrons may 
jump from c to 1 and from 1 to a. When the electrons 
return to their normal states, fluorescence emission re- 
sults. 


PHOSPHORESCENCE 


Phosphorescence has already been described as being 
similar to fluorescence except that light emission con- 
tinues for a period of time after the exciting source has 
been extinguished. Both phenomena involve atomic ex- 
citation after absorption of energy. According to 
Lenard (/0), fluorescence involves an instantaneous 
process whereby the excited electron returns immedi- 
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ately to its normal level, while in phosphorescence the 
return of the excited electron is delayed enabling light 
emission to continue for a time after excitation has 
ceased. 

With all phosphorescent substances under excitation, 
both fluorescence and phosphorescence occur simul- 
taneously but as soon as the energy source is turned off, 
only the latter process continues. 

Careful measurements have shown that for fluores- 
cent substances light emission persists for about 10-3 
seconds after removal of the energizing source. When 
emission lasts longer than 10~* seconds *after the il- 
luminating energy has been removed, phosphorescence 
is said to occur. 

After removal of the exciting source, a gradual decay 
in the intensity of the phosphorescent light is mani- 
fested until extinction occurs. It is then only necessary 
to expose the substance again to the energizing radia- 
tion in order to restore the phosphorescence. 

A number of the zine sulfide type phosphors exhibit 
phosphorescence when properly prepared. If a radio- 
active substance is incorporated into the mixture, the 
afterglow may be made to persist indefinitely. Phos- 
phors of this type find extensive application in illumi- 
nated watch dials, indicators for light switches and 
cords, “blackout” tape, and the like. 
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Ink is a con- 


Mrxne writing ink is a simple process. 
sumer item and everyone is familiar with its use. It 
is inexpensive, the major part of the cost of commercial 


ink being in packaging and distribution (1). Most of 
the desirable properties a writing ink should have are 
easy to understand and may be evaluated with rela- 
tively simple apparatus. In many cases writing with a 
variety of pens on several kinds of paper suffices. 
Furthermore, in mixing and testing writing inks there 
are no more hazards involved than in other well-disci- 
plined and supervised chemical laboratory work. 

The above facts make this topic a particularly suit- 
able one for experimental study by elementary chem- 
istry classes. Any student, even with only a minimum 
of experience in laboratory techniques, can make the 
simple mixtures which are described below. The dis- 
cussion which accompanies the formulas gives sugges- 
tions for independent investigation and student re- 
search. Such investigations may be varied widely in 
scope and are limited only by the student’s ability, ex- 
perience, and time available for the project. 

Facts concerning the nature of writing ink, its manu- 
facture, and many of its properties have been given in 
papers from this Laboratory (/, 2), reprints of which are 
available. Waters (15) has presented valuable in- 
formation in a government bulletin (15) which may be 
had for 15 cents from tie Superintendent of Documents, 
Washington, D. C. Mitchell (8), Schmitt (73), and 
Reynolds (10) also have contributed importantly to this 
subject. 

Most of the properties desired in a writing fluid for 
general use are quite simple. Writing ink should flow 
readily and evenly from the pen and make a smooth, 
even mark on the paper. The color should be pleasing 
and should have sufficient contrast to be readily legible. 
The ink should be inert to steel pens as well as to all 
parts of fountain pens with which it comes in contact; 
it should not cause deterioration of the various metal, 
plastic, and rubber parts used in fountain pens. The 


- ink must be stable—that is, it must not deteriorate with 


accompanying precipitation of sediment nor should it 
support the growth of mold or other microorganisms. 
If the writing ink is to be used for business purposes, 
for making entries and signatures on permanent records, 
the ink marks on paper must remain legible after expo- 
sure to ordinary deteriorating influences, such as strong 
light and, more particularly, soaking in water, which 
would occur in case of fire or flood. If the ink i¢ to be 


used for school or home use, the permanent feature is 
not necessary, and in fact, it is desirable that the ink 
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stains be removable from washable fabrics if acci- 
dentally spilled. The latter type of inks constitute the 
so-called “washable” inks. The removal of ink stains 
from fabrics has been discussed by Casey, Bechtel, and 
Grove (8). ‘ ; 

The first inks were undoubtedly a dispersion or paste 
in which carbon in the form of lampblack was the 
coloring matter. It is known that such inks were used 
in ancient Egypt and China long before the Christian 
era. 

Because of the water insolubility of carbon, it must 
be in a very finely divided form and must be held in sus- 
pension by a “protective colloid” in order to make a dis- 
persion suitable for ink. Many substances have. been 
suggested for effecting such stabilization, including some 
alkaline solutions (the hydroxide ion is thought to be 
the effective medium), soap, gelatin, glue, gum arabic, 
and dextrin. . 

Carbon black may be purchased from chemical 
supply houses, but it is preferable that the student pre- 
pare his own. Carbon black is formed when almost 
any organic compound is burned with a supply of air 
insufficient for complete combustion. The smoky 
flame may be allowed to impinge on a cold surface and’ 
the collected black scraped off, or the smoke may be 
conducted through a series of chambers in such manner 
that the carbon particles settle. 


CARBON INK 


Carbon is prepared by impinging a yellow gas flame 
onto a “cold finger” glass condenser through which a 
stream of water is passing; the flame should be shielded. 
As the carbon collects it may be scraped off and the col- 
lection continued until a sufficient quantity is obtained. 
It is rinsed in alcohol and air dried. 

An intimate mixture is prepared in a mortar, using 
2 g. of the carbon and 2 g. of soap flakes. A small 
amount of water is added and mixed to form a paste, 
which is then gradually mixed with water in a beaker. 
More water is used to rinse the last of the paste from the 
mortar into the beaker, and the mixture is stirred for 
about two hours. The total amount of water to be used 
in these operations is 100 ce. 

This type of ink is not suitable for long continued use 


- in fountain pens. 


IRON GALL INK ’ 


The well-known color reaction between iron salts and 
tannins is the basis of iron gall ink which has been used 
for centuries. Tannins occur in the bark, leaves, and 
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other parts of many plants and trees, frequently in 
pathological growths (thus “gall nuts” on certain kinds 
of oaks constitute one of the principal sources of tannic 
acid). A water extract of certain tannins or a solution 
of the purified tannic or gallic acids mixed with an iron 
salt gives a blue-black color. Writing on paper with 
such a solution leaves only a faint mark, which turns 
darker with aging. After this darkening has taken 
place, the deposit on paper is insoluble in water, making 
the record ‘‘permanent.” Soluble dyes are added to 
make the writing initially legible. 
The following is the present Federal Specification 

formula for writing ink (6): 

Gallic acid 10.0 g. 

FeSO,-7H2O0 15.0 

Tartaric acid 1.0 

Soluble Blue, Colour Index No. 707 (11) 3.5 

Water to make 1 liter 


The formula just given supersedes this earlier one (4): 


Tannic acid he. 
Gallic acid 3.8 
FeSO, - 7H:0 15.0 
HCl, dilute U.S. P. 12.5 
Phenol 1.0 
Soluble Blue, Colour Index No. 707 (11) 3.5 
Water to make 1 liter 
In view of the wide distribution of tannins in nature, 
it is feasible and desirable for the student to gather his 
own supply. The common shrub sumac, since it occurs 
so widely, furnishes an excellent source. The leaves 
should be gathered in late summer or early fall before 
they have changed color, and they are then air dried. 
Tannin may be extracted by heating the leaves with 
water on a steam bath for about eight hours; boiling 
water should not be used. Solutions of tannin are 
highly susceptible to spoilage from the growth of micro- 
organisms. If such solutions are not used in ink at 
once, a small amount of preservative should be added, 
such as phenol or thymol. The tannin content of the 
dry leaves is about 20 to 30 per cent; from this informa- 
tion, the weight of leaves required to furnish tannin to 
be substituted for tannic and gallic acids in the above 
formula may be calculated. A product of better sta- 
bility will be obtained if the amounts of tannin and 
ferrous sulfate called for in the formula are reduced 
appreciably, by 50 per cent or even more. 
Many other materials may be utilized as sources of 
tannin (9). : 
Most iron gall inks are prone to precipitate sediment 
on long standing unless stabilized by modern manu- 
facturers’ secret processes. The reaction, although im- 
perfectly understood, probably is similar to the one 
which causes the colored material to become water in- 
soluble after drying on paper. 


ALKALINE INK 


Heré is a type which depends on direct dyes (those 
having an affinity for cellu!ose without recourse to mor- 
danting) for permanence against water soaking. Alkali 
is often used with such dyes as a means of improving 
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the water fastness and brightening the colors. A pat- 
ent issued to Schladebach and Hahle in 1927 (12) is 
among the most important literature contributions to 
this class of inks. Typical fluids of this kind may be 
made thus: 
NaOH Og. 

0 


2 
Colour Index No. 477 (11) 10. 
Water to make 1 liter 


This formula will give a blue ink; brown can be pro- 
duced by substituting the same amount of Colour Index 


‘No. 561 (11). 


PRUSSIAN BLUE INK 


The pigment may be obtained commercially as 
“soluble Prussian blue’ [potassium ferric ferrocyanide, 
KFe(FeCsNe)-H2O0, Colour Index No. 1288 (11)] or the 
student may prepare his own. For such preparation 
the procedure, of Itzkovich and Shmul’yan (7) is satis- 
factory. 50 cc. of a 10 per cent solution of ferrous 
chloride is added to an equal volume. of a 10 per cent 
solution of sodium ferrocyanide. 50 cc. of a three per 
cent solution of potassium chlorate and 8 cc. of dilute 
hydrochloric acid (1:3 by volume) are added. Thé 
precipitate is recovered by filtering, washing, and drying 
in an oven at about 105°C. The filtration is attended 
with some difficulty. 

Ink may be prepared from Prussian blue according 
to the following formula (14): 

Oxalic acid 0.5 g. in 50 cc. water 

Sugar (sucrose) 0.25 

Prussian blue 1.0 
The mixture is shaken well and is decanted after 24 
hours. 


WASHABLE INK 
The following typical formula has been given (1): 


Glycerine 

Thymol 

Soluble Blue, Colour Index No. 707 (11) 

Water to make ] liter 
A variety of colors may be had by the use of suitable 
dyes instead of the blue dye listed. 


MIXING PROCEDURE 


Few city water supplies are suitable for ink making. 
Water purified by distillation or by the ion exchange 
process is suggested; rain water is also suitable. 

Mixing is done to best advantage with a mechanically 
driven stirrer, although if none is available, hand stir- 
ring suffices. 


TESTING INKS 


Simple writing with a variety of pens on different 
kinds of paper will give the student an opportunity to 
observe the behavior of different kinds of inks under 
practical conditions of use and to evaluate the effects of 
various additives. Other methods of testing have 
been described (4, 6, 15). 
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In this connection it would be instructive to study the 
effects of small amounts of surface active materials to 
cause “quick drying” by promoting rapid penetration 
into the paper. Also, small amounts of many water- 
soluble organic liquids as well as alkaline solutions (10) 
have this effect. The kinds of paper used for testing 


should range from a good grade of well-sized bond paper 
through ordinary grades to the cheapest grades. 

For the benefit of the student who would like to delve 
further into the subject and for the instructor who 
wishes to amplify the project, a study of the references 
cited above will suggest fruitful approaches. 
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Chem. 


“CHYMIA, STUDIES in the HISTORY of CHEMISTRY,” is a new periodical which will 
shortly appear under the sponsorship of the Edgar Fahs Smith Memorial Collection of the Uni- 
versity of Pennsylvania. It will be an international journal for the publication of contributions 


to chemical history. 


We welcome it to the field. 


SPRAYED LEAD COATING TO PROTECT ANCIENT CARVED WOOD SCULPTURE 


THE SCULPTURED figure in the accompanying illustration 
is an ancient wood carving which has recently been repaired and 
given a sprayed lead coating to protect it from the ravages of 
weather and decay. This figure has in the last 102 years graced 
the fagades of several buildings which have, during that time, 
housed one of New York City’s prominent business establish- 
ments. It has, through the years, acquired a sentimental value 
far in excess of the cost of its replacement so when signs of decay 
indicated that i: was in danger of destruction by the forces of 
nature, the firm made arrangements for its repair and permanent 
preservation. 

The statue was removed from its perch on the building and 
thoroughly repaired. All dry rot and other damaged wood were 
removed and new feet of cast lead were attached. Then the en- 
tire figure was covered with a coat of lead by a process known as 
metallizing, which means that a finely atomized spray of molten 
metal was blown by air pressure onto the surface. Thus the wood 
was encased and sealed in an envelope of metallic lead which con- 
forms perfectly with every detail of the original carving. 

Over the lead was applied a surface coat of copper which was 
treated to match the color of the rest of the ornamental group. 
The application of the sprayed metal coatings was made by the 
Eastern Metallizing Company of New York. 

Sprayed lead coatings are employed for many uses. The above 
described application is typical of the treatment of compara- 
tively soft materials, such as wood, plaster, or leather, which are 
to be coated with decorative metals. Lead is applied first to pro- 
vide adhesion and a body coat. However, lead alone is commonly 
applied by the metallizing process to less durable metals as a coat- 
ing to protect against corrosion by atmosphere or chemicals. 

Another interesting application of this process is made in the 
prosthetics manufacturing industry for the manufacture of lead 
molds for plastic extremities for artificial limbs. These molds are 
made by spraying a thick coat of lead onto a sculptured plaster 
model after which the plaster is removed, leaving a prefect mold 
for the hand or foot.—Lead (November—December, 1946). 


Hundred-Year-Old Wood:Carving, Spray-Coated with"Lead for 
Protection against Weathering 





THE ETHERIFICATION PROCESS 


Srupenrs are usually taught that ethyl ether is pro- 
duced through the interaction of ethyl alcohol and sul- 
furic acid in accordance with the mechanism known as 
Williamson’s theory. In most textbooks of organic 
chemistry the etherification process is represented as in- 
volving the intermediate formation of an ester as shown 
by the two consecutive reactions 


EtOH + H.SOQ, = EtHSO, + H:0 
EtHSO, + EtOH = Et—O—Et + H.S8O, 


In his first paper on the “Theory of Aetherification,”’ 
Williamson (1) wrote as follows: 


My task is now to explain the process of aetherification by the 
action of sulphuric acid upon alcohol; and in order to accomplish 
that, I must show the connexion between those substances and 
the reagents used.... I must first show how a substance analo- 
gous to my iodide of aethyle is formed, and then how by double 
decomposition with aleohol it produces aether. This is very easy; 
for sulphovinic acid is strictly analogous to iodide of aethyle 
plus iodide of hydrogen, which we should obtain by replacing SO, 
in its formula by an equivalent of iodine; and in order to repre- 
sent the formation of this sulphovinic acid, which is well known to 
precede that of aether, the simplest mode is at the same time the 
one most free from hypothesis; it consists in stating the fact that 
sulphuric acid and alcohol are transformed into sulphovinic acid 
and water.... Now from this point it is clear that the process is 
the same as in the decompositions above described; for by this 
sulphovinic acid coming into contact with an atom of alcohol, it 
reacts exactly in the same manner as the iodide did, forming of 
course sulphuric acid and aether. The sulphuric acid thus repro- 
duced comes again in contact with alcohol, forming sulphovinic 
acid, which reacts as before; and so the process goes on continu- 
ously, as found in practice .. . and the alternate formation and 
decomposition of sulphovinic acid is to me, as to the partisans 
of the chemical theory, the key to explaining the process of aetheri- 
fication. 


According to Van Alphen (2) a study of the original 
publications reveals that Williamson merely tried to 
prove—and this he did successfully—that one molecule 
of ether is produced from two molecules of alcohol and 
that ether has the double and alcohol the simple 
formula. This investigation also points out that the 
oft-quoted experiment in which three ethers are pro- 
duced by heating two alcohols with sulfuric acid fur- 
nishes no proof of the above mechanism since it simply 
shows that an ether can be derived from water by re- 
placing the two hydrogen atoms by alkyl groups. 

The objections to the so-called Williamson theory 
may be briefly summarised as follows: 

(1) All strong and moderately strong acids can con- 
vert alcohol into ether. The reaction occurs in the 
presence of hydrochloric, hydrobromic, hydriodic, sul- 
furous, phosphoric, arsenic, chloroacetic, tartaric, 
maleic, and benzenesulfonic acids, but not in the 
presence of weak acids, such as acetic acid. 
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(2) In general, the ester of the acid is not involved in 
the formation of ether. Hydrochloric acid is even a 
better catalyst than sulfuric acid at 155-160°, and if the 
reaction be represented according to the Williamson 
scheme, we have 


EtOH + HCl = EtCl + H.0 
EtCl + EtOH = Et—O—Et + HCl 


This formulation, however, is incorrect since ethyl 
chloride does not react with alcohol under these con- 
ditions. The assumption that an ester is formed as an 
intermediate product which reacts with a fresh molecule 
of alcohol is untrue in the case of hydrochloric acid and 
is superfluous in the case of sulfuric acid. The only 
difference lies in the fact that the ester of sulfuric acid 
is itself an acid and does not escape from the reaction 
mixture on account of its high boiling point. It may 
also be noted that ether is formed when alcohol is heated 
with sulfuric acid as dilute as half a per cent. 

(3) Salts of strong acids and weak bases produce ether 
when heated with aqueous alcohol. Thus, ether is 
formed in 75 per cent yield by heating anhydrous ferric 
sulfate with alcohol (96 per cent) at 155°. Copper sul- 
fate may also be employed at a higher temperature for 
the same purpose. The salts of trivalent metals are the 
best catalysts, and the sulfates are to be preferred to 
the chlorides since the latter also give rise to ethyl 
chloride. The conversion of glycol into dioxane is 
effected as easily with ferric sulfate as with sulfuric 
acid, and a better yield of the cyclic ether is obtained 
with the former since it does not catalyse the side re- 
actions to the same extent as sulfuric acid. 

Other theories have been proposed to explain the 
formation of ether from alcohol (3) and Boeseken (4), in 
particular, has rejected the Williamson theory in so far 
as it postulates the intermediate formation of ethyl 
hydrogen sulfate as an essential feature of the. process. 
The reaction has been studied in detail by Van Alphen 
(5) who has examined the action of several acids and a 
number of salts on ethyl alcohol under various thermal 
conditions. According to the theory of Van Alphen, the 
formation of ether in this way involves the equilibrium 
reaction 


2EtOH = Et—O—Et + H.0 


which is catalysed by hydrogen ions (H;0*) at tempera- 
tures above 100°. That the hydrogen ion is the 
catalyst is proved by the fact that the salts of strong 
acids and weak bases (which in the presence of water 
give rise to hydrogen ions) can be used instead of the 
acids themselves. This formulation brings the reaction 
into line with the well-known group of reactions, com- 
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prising the esterification of acids, the hydrolysis of 
esters, the formation of acetals, the fission of paralde- 
hyde, the formation of lactones, the inversion of sugars, 
etc., which may be represented schematically 


COH + HOC = C—O—C + H:0 


inasmuch as all of these reactions are catalysed by hy- 
drogen ions. 
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THE CONCEPT OF ISOSTERISM 


Since 1919, when Langmuir (1) first introduced the 
concept of isosterism, the meaning of the tetm has un- 
dergone considerable modification and extension. In 
general, it appears that inorganic chemists have adhered 
to Langmuir’s original restricted definition, whereas or- 
ganic chemists have found it useful to employ the term 
in a broader sense. The present paper constitutes an 
attempt to trace the development of the concept of iso- 
sterism, to indicate the definitions now in use, and to 
suggest how these definitions have been valuable in 
demonstrating previously unrecognized relationships 
among compounds and in pointing the way to new areas 
of investigation. 

Langmuir proposed that molecules or groups which 
have the same number of atoms and the same total 
number of electrons arranged in the same manner be 
described as “‘isosteric.”” He called attention to the 
fact that when isosteres are also isoelectric, 7. e., when 
they have the same total charge, then they possess 
strikingly similar physical properties. Classic exam- 
ples of pairs of isosteres showing extraordinarily close 
agreement in physical constants are carbon monoxide 
and nitrogen and carbon dioxide and nitrous oxide, as 
illustrated in Table 1 (2). 

In his rather unsuccessful attempt to explain iso- 
morphism, Grimm (3) broadened the concept of iso- 
sterism to include molecules or groups possessing the 
same number of valence electrons whether or not the 
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same number of atoms were involved. According to 
Grimm’s definition, groups of the following types are 
classed as isosteric: fluoride, hydroxyl, amino, and 
methyl; oxide, methylene, and imide; and acetylide 
and cyanide. 

Shortly after Grimm’s work appeared, Erlenmeyer 
began an extensive series of investigations dealing with 
the application of Grimm’s interpretation of isosterism 
to organic chemistry. In his initial paper (4) Erlen- 
meyer pointed out that the dyes obtained by the cou- 
pling of 8-naphthol with 


exhibit almost identical absorption spectra where X = 
—O— or its isostere —CH,—. He also called attention 
to the similar chemical behavior of a number of isosteric 
substances (2). 

In what is perhaps Erlenmeyer’s major contribution 
in extending the concept of isosterism, he proposed (5) 
that the aromatic —CH=-CH— group and the ring 
sulfur atom are isosteric. Erlenmeyer: arrived at this 
conclusion by arguing that only the boundary electrons, 
7. e., the outer electrons of the group, should be counted 
in determining isosterism. Thus in the case of the 
—CH=—=CH— group, for example, the two electron 
pairs shared by the carbon atoms are not to be counted, 
as they are considered to be within the group or ‘‘pseu- 





TABLE 1 
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Critical temperature 

Critical pressure, atmospheres’ 
Density of liqui 

Viscosity 

Magnetic susceptibility 
Formula of hydrate 

Heat of formation of hydrate 


35.4° 

75 

0.856 
148 X 10-* 
0.12 x 10-* 
N.0-6H,0 
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doatom.” In this connection, he called attention to the 
fact that benzene and thiophene possess very similar 
physical properties, such as boiling point, molecular re- 
fraction, parachor, certain crystallographic constants, 
and size and shape of the molecules in the liquid state. 

In a striking investigation, Erlenmeyer and coworkers 
(6) found that even in the exceedingly specific antigen- 
antibody reactions, certain corresponding derivatives of 
benzene and thiophene proved to be indistinguishable. 
The antigens 


< >—CO-NH—€ > —Ny-horse serum 
Cg >-CO-NH—K_—Na-horse serum 
\- Ba/ 


for example, gave identical precipitin reactions with 
the antisera to the former. 

Despite the fact that benzene, thiophene, and furan 
differ in structure only in the substitution in the mole- 
cule of one supposedly isosteric group for another, the 
expected similarities in properties extend only to the 
first two compounds and to their derivatives, and not to 
furan and its derivatives. It appears, therefore, that 
some additional factor must play a part in determining 
whether or not the properties of such compounds bear a 
close resemblance to each other. Erlenmeyer and Leo 
(6) attributed the apparently anomalous properties of 
furan to the fact that the intermolecular forces of furan 
are considerably smaller than those of benzene and 
thiophene.* 

More exactly, the differences in the physical and 
chemical properties of thiophene and furan, particu- 
larly the lesser aromaticity of the latter, are best ex- 
plained on the basis of the smaller degree of resonance 
stabilization in furan. Shomaker and Pauling (7) have 
shown that the degree of resonance stabilization of 
the thiophene molecule, like that for benzene, is signifi- 
cantly larger than that for furan. The increased sta- 
bilization of thiophene as compared with furan is at- 
tributed in part, at least, to the contribution of reso- 
nance structures in which ten electrons exist in the val- 
ence shell of the sulfur atom, as illustrated here. 


and 


HC=—CH 


HC——CH HC——CH . 
l 
HC 


| | 
HC H ud CH 


CH 
\s7 


Corresponding resonance structures for furan are ruled 
out because of the inability of oxygen to expand its val- 
ence shell. 





* Proponents of the principle of isosterism do not point out the 
fact that by definition pyrrole is also isosteric with benzene, thio- 
phene, and furan. Its physical constants differ rather widely 
from those of the above three compounds, perhaps because its 
molecules can associate through hydrogen bonding involving the 
amino-hydrogen atom. It is apparent, therefore, that the 
principle of isosterism can be used with success to predict simi- 
larities only when applied with great caution and after careful 
consideration of other pertinent factors, 
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Similar considerations apply to thiazole and oxazole 
in their relation to pyridine. An interesting example 
of this fact is provided by Erlenmeyer’s observation (8) 
that the hydrogen atoms of the methyl group in the so- 
dium salt of 4-methyl-thiazole-5-carboxylic acid un- 
dergo exchange with deuterium when the compound is 
dissolved in deuterium oxide, whereas the analogous re- 
action does not occur with the. corresponding oxazole 
derivative. Presumably the methyl hydrogen atoms 
in the sulfur-containing compound exhibit appreciable 
acidity because of the fact that the anion (three reso- 
nance structures shown below) resulting from the loss of 
a proton is stabilized by the contribution of resonance 
structures (b and c) in which the sulfur octet is ex- 
panded. 


7 -00CC—=S: ! 
| 

é H H | 

‘H C=C CH C=C H 

H \yZ 


-0O0CC——S: -00CC—=Ss: 


4 
H \y/ H \y/ 


a b c 


Resonance structures of type b and ¢ are obviously 
impossible for the corresponding oxazole anion, and it 
would be expected, therefore, that the acidity of the 
methyl hydrogen atoms in the oxazole compound would 
be considerably less than that in the thiazole derivative. 

From these exceptions to the general principle of iso- 
sterism, it is apparent that the broad definition which 
classifies atoms or groups containing the same nu mber 
of boundary electrons as isosteric does not necessarily 
provide a valid basis for the prediction of similarities in 
physical and chemical properties. One must take into 
account, in any given case, such factors as resonance 
possibilities and opportunities for hydrogen bonding. 
It is also noteworthy that perhaps without exception 
the only cases in which isosteric groups do actually con- 
fer similar properties to substances are those in which 
the groups involved differ little in weight. In the light 
of these considerations it appears that the present ex- 
panded definition of isosterismf is too broad to be of 
much practical value. 

As applied to certain specific groups whose similar 
effects have been well established, however, the concept 
of isosterism is playing an important role in suggesting 
the possibilities of new physiologically active agents 
which differ from compounds of tested value only in the 
substitution of one such isosteric group by another. 
Many examples of this fact appear in the literature, 
only a few of which will be cited here. f 


¢ Certain authors, notably Fieser and coworkers [see L. F. 
Fieser AND E. B. Hersuperc, J. Am. Chem. Soc., 62, 1640 
(1940)], have employed the term ‘“‘isolog” in the sense that iso- 
stere is generally used. 

t For additional examples see: (a) Buicxs, F. F., ann J. H. 
B. BurcKHALTER, J. Am. Chem. Soc., 64, 477 (1942); (b) RHoveE- 
HAMEL, H. W., anv E. F. Decertne, Amer. Pharm. Assoc., 31, 
281 (1942); (c) Ertenmeyer, H., Helv. Chim. Acta, 21, 1013 
(1938); (d) Barcer, G., anp A. P. T. Casson, J. Chem. Soc., 


(Continued on next page) 








_ 


(2d Palin 
S on wy, 


~_ 
33 


= 
— 

na 
ae 


bd 
So 
_ 


SEPTEMBER, 1947 


A classic case of this type of approach, as Northey 
(9) has pointed out, is that of sulfapyridine, sulfadia- 
zine, and sulfathiazole. Steinkopf and Oshe (10) found 
that the replacement of the benzene by the thiophene 
ring in cocaine produced a compound closely resem- 
bling cocaine in its physiological effect. Another inter- 
esting example is that of the alkylamine esters of p- 
fluorobenzoic acid, which have anesthetic properties 
similar to those of the corresponding derivatives of p- 
hydroxybenzoic acid (11). Curiously, when the pyri- 
dine ring was substituted for the thiazole ring in thia- 
min, the resulting compound was found to have anti- 
thiamine activity (12). Presumably, this is a result of 
the fact that although the pyrithiamin is absorbed like 
thiamin, nevertheless it cannot enter into the same 
metabolic processes. 

Further examples of the application of the concept of 





1938, 2100; (e) Eneuisn, J. P., R. C. Ciapp, Q. P. Cots, et al.» 
J. Am. Chem. Soc., 67, 295 (1945); (f) Grauam, J. D. P., Quart. 
J. Pharm. Pharmacol., 13, 305 (1940); (g) Tarnrer, M. L., zbid., 
3, 585 (1930); (h) Srernxopr, W., anv W. Ouszg, Ann., 448, 205 
(1926); (7) Warren, M.R., D. G. Marsu, et al., J. Pharmacol., 
79, 189 (1943); (7) Dann, O., Ber., 76, 419 (1943); (4) BuickE, 
F. F., anp M. U. Tsao, J. Am. Chem. Soc., 66, 1645 (1944); 
(l) ERLENMEYER, H., anp H. MeyYEensBERG, Helv. Chim. Acta, 20, 
204 (1937). 
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isosterism to the study of synthetic medicinals are ap- 
pearing regularly in the current literature. It is 
likely that the concept, applied with proper considera- 
tion of its limitations, will continue to find its chief use 
in the field of physiological chemistry. 
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ON A CHEMIST 


CURIOUS EPITAPH S. 


On a cuYMIST. 
Here lieth to digest, maturate, and emalgamate, 


with xo 
In Balneo 
Stratum Pst pre 
The risiduum, terra damuata, and capat mortaves 
BOYLE GODFREY, Curmist; 
A man who in this earthly "laboratory 
Pursued various processes to obtain 
Arcanum vita, or the secret to live; 
Also, curum vita 
Or the art of 5 erering rather than making gold. 
Alchymist like———he saw 
All his labour and projection, 
ee eveporated iu fame. 
e soi to his frst principles, 


Or 


As Fo im drops sc ong 
For riches are not 


On the of this world. 
Though fond of novelty, he carefully avoided 
The fermentation, ffervefceuce, and decripitation, 
Of this life, 


Full one years his exalted essence 
Was bermeticailly seal’d in its terrene metres: 
But the radical moistere being exhausted, 
The elixir vita spent, 

o 2a exsicated > a cuticle, 
ce could not suspend er in his webicle, 
But Prittedy godin per campaxum, ' 
origi inal dust. 
May e° ies above, 
Brighter” road = oe ete 
him from 


The athazer, berating furnace 
Of the proms, aad oer 
Depa bin ome the Jo and sorie 
Highly retify and solar 
eh 5 
Ie 
Of this 


Conflagration, calcination, 
And yo 1 of all things! 


Courtesy of the American Philosophical Society 


The Above Epitaph Is An Anonymous Example of Early American 


Humor. 


It First Appeared in The Columbian Magazine, Volume 3, 


’ Page 367, in 1789.—Wyndham Miles 





CHART OF NUCLEI ON TRILINEAR 
COORDINATES 


D. E. HULL! and W. H. SULLIVAN’: 
Clinton Laboratories, Oak Ridge, Tennessee 


Cuarrts pepictine the systematics of atomic nuclei 
have in the past been constructed as functions of the 
mass number A (or the number of neutrons, N = 
A — Z) and the atomic number Z in rectangular co- 
ordinate systems. In several such charts, there have 
been used as ordinates and abscissa, respectively: 
A — Z versus Z (Rasetti);* Z versus A — Z (Sea- 
borg); Z versus A (Seaborg and Kohman);> and 
A — 2Z versus Z (Evans and Livingston).® 

All of these charts, except the last, suffer the dis- 
advantage that the stable isotopes lie on a line with a 
slope of approximately 45°, and it is necessary to break 
the sequence at several points in order to fit all the 
nuclei into a rectangular frame of reasonable size. In 
the system employing A — 2Z (the neutron excess, 
or isotopic number) and Z as coordinates, the stable 
nuclei are brought into a nearly horizontal line, but 
neighboring isobaric nuclei are thrown into awkward 
‘“‘knight’s move”’ positions with respect to one another, 


and this result is most unsatisfactory for showing © 


genetic relationships among radioactive nuclei. 

The several disadvantages and difficulties of the 
graphical methods hitherto employed may be resolved 
by using trilinear coordinates. In such a system one 
may plot simultaneously A versus Z, N versus Z, and 
A versus N, as shown in Figure 1. Inspection of the 
diagram reveals that this system has the following 
properties: 5 

(1) All isotopes of a given element (atomic number, 
Z, constant) lie along a line inclined at 30° above the 


horizontal. 
(2) All isobars* (mass number, A, constant) lie 


in a vertical line. 





1 On leave from Carbide and Carbon Chemicals Corporation, 
Oak Ridge, Tennessee. 

2 On leave to the Atomic Energy Commission. 

3 Raserti, F., ‘Elements of Nuclear ‘Physics,’ Prentice-Hall, 
Inc., New York, 1936, p. 154-6. 

‘ 4Seasora, G. T., privately circulated. 

5 Seapora, G. T., ano T. P. Konman, ‘Plutonium Project 
Handbook,’’ CL-697, Chapter ITI. 

6 Evans, R. D., anp M. S. Lirvineston, Rev. Modern Phys., 
7, 229 (1935). 

7 This system may be regarded as a modification of one used 
by N. Bonr-anp J. A. WHEE er, Phys. Rev., 56, 445 (1939). in 
which the isotopes are plotted on slanting lines against the 
mass number. Their svstem gives vertical alignment of isobars, 
but not the horizontal alignment of isodiapheres., 

* Srewart, J. Q., Phil. Mag., (6) 36, 326 (1918). 
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A const. 


Figure 1. Coordinate System 

(3) All isotones* (number of neutrons, NV, constant) 
lie along a line inclined at 30° below the horizontal. 

(4) All isodiapheres” (isotopic number, N — Z, 
constant) lie on a horizontal line. 

Since the isotopic number of all the light elements 
ranges only from —1 to 2 and since it increases rela- 
tively little compared to the mass number even for 
the heavy elements, one finds that a plot of all stable 
nuclei will extend in a horizontal direction, with only 
a moderate upward drift in the region of the heavier 
nuclei, as shown in Figure 2. This characteristic 
makes the triangular coordinate system more con- 
venient than most of those in common use, since all 
nuclei can be represented in a single continuous plot 
on paper of conventional rectangular shape. Although 
such a complete plot is a strip of considerable length 
(ratio of height to length approximately 1:7), it can 
be folded accordion-like to give a very satisfactory and 





® GUGGENHEIMER, J., J. phys. Radium, (7) 5, 253 (1934). 
10 SCHINTLMEISTER, J., Oesterr. Chem. Zitg., 41, 315 (1938). 
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Figure 2. Plot of Stable Isotopes 


usable chart, since any section may be examined with 
ease by opening the appropriate folds. By making 
only two breaks in the continuity (one at mass number 
118, the other at 189) and starting again at the initial 
base line, the height may be still further compressed 
(to a ratio of about 1:16); such a chart has been made 
to fit a pocket notebook and has been found quite useful. 

In Figure 3 is.shown the light end of this chart. 
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various radioisotopes may be symbolized with ease,. 
since the most common nuclear reactions are repre- 
sented in a simple pattern with the product nuclei 
grouped in immediate juxtaposition around the target 
nucleus. Several of the more common reactions are 
shown diagrammatically in Figure 5. The symbols 
indicate the bombarding and emergent light particles 
of any given nuclear reaction. 
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Figure 3. Plot of Light Nuclei 


Stable nuclei are represented by hexagons, radioactive 
nuclei by circles. Radioactive disintegrations follow 
a very simple pattern on the chart. Beta disintegra- 





Figure 4. Radioactive Disintegrations 


tions follow a vertical line, the displacement being one 
unit downward for each negatron emitted and one 
unit upward for each positron emitted or orbital elec- 
tron captured. Alpha disintegrations proceed, hori- 
zontally to the left four mass units. See Fig. 4. 

The nuclear reactions involved in producing the 


It is believed that one using this chart can quickly 
familiarize himself with the pattern of nuclear reactions 
and that the arrangement, therefore, will be useful for 


instructional purposes. As an example, note that if 


Figure 5. Nuclear Disintegrations 

a line is drawn through isodiapheres with isotopic 
number zero (including He‘ and 0"), the ‘‘mirror’’ 
nuclei will be found reflected perpendicularly across 
this line. The remarkable sequences of decreasing 
half-lives in the series Be’7-Sc*! is brought out clearly. 

This work was done in part (by the senior author) 
at the School of Chemistry of the University of Minne- 
sota. J. W. Atchley prepared the plot of the nuclei. 





THE HISTORY OF CHEMISTRY IN RUSSIA 
PRIOR TO 1900' 


T ue pevetorment of Russian chemistry during most 
of its history differed greatly from that of chemistry in 
Western Europe. The political events which affected 
the country affected science more than in the west, for 
science was always controlled by the ruling class and 
could advance only when the rulers encouraged it. The 
great mass of Russian people was uneducated and in- 
articulate, and almost never did a peasant rise to scien- 
tific prominence. The Russian, regardless of his social 
position, was fixed in the class into which he was born, 
and the opportunity to enter new fields was denied him. 
When a new activity was introduced, foreigners were 
employed to follow it. In consequence, indigenous 
science was very slow in arising in Russia, and even 
when Russian scientists finally appeared in the 19th 
century, they were forced to contend with entrenched 
outsiders for recognition. It is of interest to trace the 
effects of this form of development of chemistry and 
observe the direction in which it led. 

During the long centuries when most of Europe was 
climbing slowly from the depths to which it fell after 
the end of the Western Roman Empire, when chemistry 
existed only in the speculations of a few philosophers or 
in the laboratories of the alchemists, Russia was an un- 
known land whose scattered tribes were completely iso- 
lated from the west. In the 9th century there arose 
around Kiev a settled civilization under the Scandina- 
vian dynasty of Rurik. Although this existed for sev- 
eral hundred years, outwardly expanding, it constantly 
divided internally, since each prince at his death broke 
up his domains among all of his sons. The people as a 
whole remained under the domination of the “gray 
haired koldun,” the wizard, or medicine man, who 
roamed the woods seeking medicinal herbs.* In the 
cities some attempt toward systematizing knowledge 
was made. Thus, in 1073, the earliest manuscript on 
medical matters was compiled.* However, the embry- 
onic cultural development of this epoch was brought to 
an end by the great Tartar invasions of the 13th cen- 
tury, and for 200 years only turmoil and confusion 
reigned among the little principalities which made up 
the Russia of that period.* 

1 Presented before the Division of the History of Chemistry at 
the 111th meeting of the American Chemical Society in Atlantic 
City, April 15, 1947. 

2 Anonymous, Lancet, IT, 343-74 (1897). 

3 Garrison, F. H., Bull. N. Y. Acad. Med., (2) 7, 693-734 
etek otherwise stated, all general material on the history of 
Russia is taken from B. Pargs, “A History of Russia,” Revised 
edition, Alfred A. Knopf, Inc., New York, 1944. 
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During this time, far from the cultural center of Kiev, 
a small principality, centered around the town of Mos- 
cow, which is first mentioned historically in 1147, began 
to grow increasingly important. The Grand Princes of 
Moscow gradually expanded their lands and at last, in 
1480, Ivan III threw off the Tartar yoke and assumed the 
title of Tsar. Ivan and his son, Basil III, consolidated 
and expanded the power of Moscow, while the Russian 
people, freed from foreign domination, began to de- 
velop a number of small home industries for making 
saltpeter, glass, soap, and paper.® 

As the power of the country grew, the nobles realized 
the backwardness of their.land and the lack of refine- 
ments at the crude court of Moscow. They began to 
turn their attention toward the west. In 1534 the 
Stroganovs, a group of powerful nobles who operated 
mines in the Urals, brought a group of four physicians, 
four apothecaries, and eight assistants from abroad to 
Moscow.*’® The tradition thus established continued 
for many years, and Russian nobles brought physicians 
from many foreign countries. Compilations of medical 
remedies and herbals began to appear. Thus science 
in Russia, as in many countries, had its foundation in 
practical medicine. 

The trend toward improvement of health continued 
during the reign of Ivan IV, called Ivan the Terrible. 
This Tsar ascended the throne in 1533 at the age of three 
years, and was the first great westernizer among Russian 
rulers. In spite of the title by which he is known and 
the orgies of cruelty in the latter part of his reign by 
which he earned it, Ivan was a strong and capable ruler 
who realized the backwardness of his country as no 
Tsar before him had done. He sent emissaries to the 
west to bring German scholars to Moscow, and for the 
first time young Russians were systematically sent 
abroad for further education. In 1555 Ivan estab- 
lished diplomatic relations with England, and English 
apothecaries were invited to come to Russia. In 
1581 James Frencham opened the first apothecary shop 
in Moscow, and this date has sometimes been considered 
the beginning of chemistry in Russia.’ In 1602 Fren- 
cham brought in a large supply of drugs to solidify his 
position. . 

This early contact with the science of the west was 
established solely for the benefit of the royal family and 
the court, and these early apothecaries had no contact 
with the rest of the nation. In court circles, too, the 





5 Biocn, M. A., Z. angew. Chem., 39, 1545-51 (1926). 
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desire for alchemical gold was felt. In 1586 Boris 
Godunov, as regent for the incompetent Tsar Fedor, 
tried to bring to Russia the famous English mystic and 
alchemist, John Dee. Dee did not come, but his son, 
Arthur Dee, also a firm believer in alchemy, practiced 
medicine in Moscow from 1627 to 1634. While there 
he wrote a treatise on alchemy which was afterward 
published in Paris and London.’ Alchemical works 
were also written by a Dutch court official in Moscow 
in 1623 and later years.? However, alchemy never 
found a fertile soil in Russia, for the intellectual devel- 
opment was too low when it flourished in western Eu- 
rope, and by the time Russia was ready for scientific 
development, alchemy had already been largely dis- 
credited in the west. 

In 1613 a confused period of Russian history known 
as the “time of troubles’ came to an end with the elec- 
tion as Tsar of Mikhail, the first of the Romanov dy- 
nasty. Reorganization of Russian life followed quickly, 
and in 1620 the first scientific organization was formed. 
Typically, it was a state project, the A ptekarskit Prikaz, 
which was technically in charge of the Royal Apothe- 
cary Shop under the control of officials known as 
Aptekari. These men, in addition to their duties as 
apothecaries, were also distillers and collectors of me- 
dicinal herbs.? Under their influence new apothecary 
shops were opened in various cities of Russia. At the 
same time the beginnings of a Russian chemical industry 
appeared in the foundation of numerous glass factories 
and iron foundries.® 


Mikhail Romanov and his successors, Alexis and 
Fedor, encouraged education among the nobility, found- 


ing colleges and supporting scholars. Western knowl- 
edge began to influence educated Russians, and at this 
time there first appeared the two opposing schools of 
thought whose supporters were called Westernizers and 
Slavophils, respectively. The Westernizers wished to 
bring Russia into the circle of western Europe and give 
her the advantages of the technological civilization 
which was increasingly developing there. The Slavo- 
phils desired to retain the essentials of Russian culture, 
even at the expense of sacrificing material advantages. 
The struggles of these two groups had great influence on 
the development of science in Russia, for as one group 
or the other came to power, science was encouraged or 
repressed. 

Even in individual Russians the two opposing ten- 
dencies were often found, leading to curious contradic- 
tions in character and action. Much of the lack of 
knowledge of Russian accomplishments in western 
Europe can be traced to the pride of Russian scientists 
like Markovnikov, who refused to publish his work in a 
language other than Russian, even though he had been 


6 Smitu, C. F., “John Dee, 1527-1608,’ Constable and Son, 
London, 1909. 

7 KiucuEvsky, V. O., “A History of Russia,” translated by 
C. J. Hocarts, Volume III, C. P. Dutton Company, New York, 
1913, p. 287. ‘ 

8 Bioxu, M. A., “Chronology of the Most Important Events in 
the Field of Chemistry’’ (in Russian), State Scientific-Technical 
Press, Leningrad and Moscow, 1940, pp. 26-40. 
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trained in the west and realized fully the potential value 
of his work.® 

The party of the Westernizers came to full power un- 
der Peter the Great who became Tsar in 1682. Peter 
traveled extensively in the west, absorbed mechanical 
ideas in Holland and England, and on his return to 
Russia set himself to overthrow by all possible means 
the old Russian conservatism. Although in the first 
part of his reign he was chiefly occupied with foreign 
wars, he devoted his later years to a reorganization of 
the whole country which has left its stamp on the nation 
even today. Every person in Russia was assigned his 
position and his duties to the state. Peasants were re- 
duced to serfdom so that the gentry could perform their 
stated tasks in the army, the bureaucracy, or the court. 
To open a “window to the west,’”’ Peter founded St. 
Petersburg in 1703 and moved his capital there from 
Moscow. 

As part of his campaign to westernize Russia, Peter 
encouraged the development of science. He gave the 
deathblow to any lingering traces of alchemy which 
might have remained, for he was “convinced that what- 
ever gold makers there were must be either frauds, or 
totally ignorant.’”® He founded a medical school in 
Moscow in 1706, a botanical garden and a mining col- 
lege in St. Petersburg between 1714 and 1719,° and 
nitric and sulfuric acid factories were authorized in 
1718.8 

Toward the end of his reign Peter was elected a mem- 
ber of the Academy of Sciences in Paris. This inspired 
him to found a similar academy in St. Petersburg. . He 
took council with a number of western scholars, of 
whom the chief was Leibnitz, and in 1724 completed 
the organization of the new body. Peter died in 1725 
before-the official opening of his new Academy, but his 
plans were carried out, and his successor, Catherine I, 
opened it later in the same year. 

The Academy of Sciences became the center of Rus- 
sian scientific activity for the next hundred years. It 
was a characteristically Russian organization. Unlike 
the academies of western Europe, it did not arise spon- 
taneously from meetings of groups of scientists. In 
Russia there were no such groups. The Academy was 
imposed on the Russians, like most of Peter’s reforms, 
and the scientists who composed its staff were brought 
in from western countries. Most wereGermans. Dur- 
ing the early years of its existence, these Germans ac- 
quired such power that the so-called German party re- 
mained dominant even down to the time of Mendeleev. 

However, the Academy filled a definite need. It was 
formed at a period when a tremendous physical expan- 
sion of Russia was occurring. The vast reaches of 
Siberia were being explored, studied, and settled. Rus- 
sians had little knowledge of the resources of their own 
country. The Academy set itself almost at once to 
organize. scientific expeditions to all parts of the empire. 
Mineralogical, zoological, botanical, and geological in- 
formation was collected, coordinated, and published. 


9 Kasiuxova, I. A., J. Russ. Phys. Chem. Soc., 37, 247-94 
(1905); see also H. M. Letcester, J. Cuem. Epuc., 18, 55 (1941). 
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Among the important participants in these expeditions 
were several members of the famous Tiibingen family of 
Gmelin, which produced so many outstanding chemists. 
However, the chemical work of the expeditions was sub- 
ordinate to the other scientific activities and did not 
contribute greatly to the development of chemistry in 
Russia.!° 

Meanwhile, in St. Petersburg the effectiveness of the 
Academy was greatly hampered by the domination of 
the permanent Secretary, the Alsatian, Schumacher, 
who had been Peter’s librarian. With the dictatorial 
powers which he managed to obtain Schumacher worked 
constantly to favor the foreign party and to suppress all 
attempts to stimulate a Russian science and Russian 
scientists. As noted above, his attempts in this direc- 
tion were very successful, and it is possible that he might 
have stifled the Academy almost completely had it not 
been for the opposition of the great Russian genius, 
Mikhail Vasil’evich Lomonosov." 

Lomonosov, born a peasant in 1711, secured a classi- 
cal education in Moscow by pretending to noble birth. 
Although the training given him at the Slavic-Greco- 
Latin Academy in Moscow included courses in philos- 
ophy and physics, the problems which were discussed in 
these classes were of little value. Much time was spent 
on such questions as whether, in Paradise, roses have 
thorns. Nevertheless, the unusual brilliance of Lomo- 
nosov was so marked that he was sent to Germany for 
study with Christian Wolf at Marburg. Here he be- 


came acquainted with western science, and on his return 
to St. Petersburg he was at once made a member of the 


Academy of Sciences. His reputation grew so great 
that, as the leader of the Russian party in the Academy, 
he was able in great measure to counter the influence of 
Schumacher. ; 

Lomonosov was a universal genius, active in many 
fields. His work in geology, philology, and poetry was 
outstanding, but in chemistry he showed an originality 
and comprehension that place him among the greatest 
minds in that science. In his theoretical ideas he was a 
hundred years ahead of his time. He rejected the 
phlogiston theory, then dominant, and wrote of the 
nature of heat and the kinetics of gases in terms which 
are entirely modern. He developed the idea of a sci- 
ence of physical chemistry, a concept which was en- 
tirely foreign to his contemporaries. He worked for 
seven years to induce the Academy to build a chemical 
laboratory, and it was due to him that the first in Rus- 
sia was opened in 1749. He was greatly interested in 
problems of chemical technology, and himself founded 
and operated a mosaic factory. The artistic merit of 
the mosaics which he designed was high. 

Unfortunately, much of his work remained unpub- 
lished, and much was beyond the comprehension of his 
fellow academicians. As a result his scientific studies 

10 MENSHUTKIN, B. N., Eng. Econ. Messenger U. S. S. R., 5, 
No. 8-9, 1-16 (1925). 

11 The account of the influence of Schumacher and the life of 
Lomonosov is taken from B. G. Kuznetsov, “Lomonsov, Lob- 
achevskii, Mendeleev” (in Russian), Academy of Sciences Press, 
Moscow and Leningrad, 1945, pp. 13-92. 
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were forgotten soon after his death in 1765, and al- 
though he remained famous as a poet, he cannot be said 
to have exerted more than a slight influence on the 
scientific thought of the world, or even of Russia. 

The successors of Lomonosov continued to work in 
the laboratory which he had built, although the equip- 
ment was poor and the structure was often flooded. 
Several laboratories were later built for the Academy, 
but not until 1830 was a satisfactory one finally ob- 
tained.’° 

The chemists of the end of the 18th century possessed 
little of Lomonosov’s genius and did not even know of 
his ideas. They were adherents of the phlogiston 
theory and concerned themselves chiefly with mineral- 
ogical studies and the technoligcal applications of chem- 
istry. Few names stand out among the chemists of this 
period. Lehmann (1700-67) studied the assaying of 
ores and the petroleum and salt resources of Russia. 
He was killed by the explosion of a retort containing 
arsenic which he was heating. The Finn, Eric Lax- 
mann (1738-96), succeeded him. Laxmann’s chief 
chemical discovery was the substitution of Glauber’s 
salt for potash in glass making. The breadth of his 
interests is shown by the fact that a plant, an insect, a 
mineral, and a strait have been named after him." 
Severgin (1765-1826) studied minerals, and Musin- 
Pushkin (1760-1805) worked on alum, sodium tungstate, 
saltpeter, and methods for extracting platinum.'* 

Thus, the latter part of the 18th century, when the 
chemical revolution was occurring in western Europe, 
was marked by relatively minor contributions to chem- 
istry in Russia. This was probably due in part to the 
reactionary policies of Catherine the Great which 
dominated most of her reign, and in part to the subor- 
dination of chemistry, which was of less value on the 
great Academy expeditions, to the sciences which were 
more obviously necessary for proper exploitation of the 
great spaces of Siberia. 

The ideas of Lavoisier slowly reached Russia in the 
first decade of the 19th century, spread by the teaching 
and experiments of Severgin, A. N. Scherer (1771-1824), 
and V. V. Petrov (1761—1834).!4 However, the phlo- 
giston theory was taught at Moscow as late as 1815." 

Gradually, about this time, there occurred a shift 
from the study of the chemistry of minerals to actual 
laboratory experimentation. The first exponent of 
this trend was Tobias Lowitz (1757-1804) who carried 
on the early traditions of the Aptekari, for he was the 
Court Apothecary, but who also represented more 
modern tendencies, since he was a member of the Acad- 
emy of Sciences. Although a firm believer in the 
phlogiston theory, Lowitz made many important dis- 
coveries, including the adsorptive power of charcoal, 





12 Kuznetsov, B. G., “Sketches in the History of Russian 
Science” (in Russian), Academy of Sciences Press, Moscow and 
Leningrad, 1940, p. 69. 

13 Iskou’pskul, I. I., Uspekhi Khim., 8, 1103 (1939). 

14 MENSHUTEIN, B. N., Ann. inst. anal. phys. chim. U.S. 8. R., 
3, 1-13 (1926). 

15 NaMETKIN, S. S., Uspekhi Khim., 9,'703-26 (1940). 
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the isolation of glacial acetic acid, and many of the 
properties of crystals and solutions.'* 

Another example of the trend toward the laboratory 
is furnished by the work of the physicist, Petrov, men- 
tioned above. He was much interested in the phenom- 
ena of electricity and built a very large battery which 
contained 4200 copper and zinc plates. With this, in 
1803, he decomposed water and organic compounds and 
discovered the principle of the electric arc. The work 
was very laborious, since after each experiment the 
plates became oxidized and had to be cleaned by hand. 
One person could clean about forty plates an hour." 

The new spirit exemplified by these scientists was 
thus already at work when Alexander I came to the 
throne in 180]. The early years of his reign were 
marked by a liberalism which was in sharp contrast to 
the repressive policies of his predecessors, Catherine the 
Great and Paul III. The long domination of Russian 
Science by the Academy of Sciences was challenged al- 
most at once by the acts of the new Tsar. In his desire 
to emulate the educational policies of the west, he inaug- 
urated universities in all parts of Russia. It is true 
that a university had been founded in Moscow in 1755, 
but it was not influential in changing the scientific out- 
look of the-Russians. Now, in quick succession uni- 
versities were founded in Dorpat (1802), Kharkov and 
Vilna (1803), Kazan (1805),' and at length in St. Peters- 
burg (1819).?” 

These young universities were not able to organize 
strong faculties of chemistry in their early days, but 


they did stimulate the chemical faculty of the Univer- 
sity of Moscow almost as soon as they were founded. 
At first this faculty had been an adjunct of the medical 


school and the professors were physicians. In 1804, 
however, chemistry was made an independent disci- 
pline, and the German professor, Reuss, was brought 
from Tiibingen to give the instruction. 

From this time dates the tradition of the Russian uni- 
versities instead of the Academy of Sciences alone as 
centers of chemical research. The foundation of the 
universities was thus of very great significance, for it 
tended to decentralize research and reduce the power of 
the Academy, with its strong foreign element, over the 
chemists of Russian birth. With slowly gathering mo- 
mentum, more and more Russian students turned to 
science and became skilled in laboratory methods. The 
quality of Russian chemists improved steadily and 
reached its climax at the end of the century in such 
brilliant figures as Markovnikov, Butlerov, and above 
all, Mendeleev. 

These effects were not felt at first. The foreign 
chemists in the Academy had not founded schools or 
trained their successors, and thus replacements for the 
Academy had also to be sought abroad, so continuing 
the same policy indefinitely. Hence, at first, the uni- 
versities could not find suitable professors in Russia, 
and almost all the chemistry faculties of the early days 





16 For further details of his work, see H. M. LEICESTER, J. 
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were composed of foreigners who frequently remained in 
Russia for only short periods of time before returning to 
the west. Typical of these scholars was Reuss, who 
taught at Moscow from 1804 to 1832. He knew no 
Russian and so lectured in Latin. He did a small 
amount of research work on electricity and mineral 
waters, but his theoretical ideas were outdated." Un- 
der such men, only the beginnings of progress could be 
expected, but external events almost immediately de- 
layed scientific advance still more. 

The universities, founded so hopefully, almost at 
once became involved with the rest of Russia in the 
struggle of the Napoleonic wars. Moscow was burned 
in 1812, and reconstruction of its university was not 
completed until 1819." Other universities suffered in 
greater or less degree. Then, when the war ended, a 
new difficulty arose. . Alexander I completely aban- 
doned his liberal ideas. He became immersed in the 
affairs of the Holy Alliance, whose chief purpose was 
to restore the old monarchies in their most absolute 
form to all Europe. At home he came under the influ- 
ence of reactionaries and religious mystics who feared 
the growth of science lest it spread the ideas of revolu- 
tion and atheism. 

The universities felt these changes almost at once. 
They were placed under the control of inspectors who 
exercised the most rigid supervision of both faculty and 
students. All philosophical ideas were suspect. At 
Moscow the inspector, Count Stroganov, heard that the 
professor of pharmacy emphasized explanations and 
chemical reasoning in his lectures. The professor was 
at once summoned and greeted with the words, “‘What 
are you talking of? Pray, teach the smearing on of 
plasters and the grinding of powders, but do not phil- 
osophize.”'* At Kazan the fanatical inspector, Mag- 
nitskii, wished to close the university entirely as a hot- 
bed of atheism and revolution. This Alexander refused 
to do, but he placed Magnitskii in full control, and for 
seven years this bigoted fanatic did his best to suppress 
all independent thinking. Geology was removed from 
the curriculum, the teaching of. physics was restricted 
to experimental observations, and all its “metaphysical 
ideas” had to be eliminated. The instructor in chem~ 
istry, Dunaev, was in danger of losing his position, until 
he delivered an address on “The Use and Misuse of 
Natural Science and the Need to Base It on Christian 
Devotion.” Following this, his advance was rapid.” 

Under such conditions the universities could do little 
research or develop new ideas, but they could instruct 
the younger generation of Russians in the principles 
which underlay western science. Thus, throughout the 
period of repression a group of Russian scientists was 
developing whose members would be able to pass on 
the scientific ideas to the next generation of their coun- 
trymen with more authority and more understanding 

18 MENSHUTKIN, B. N., Ann. inst. anal. phys. chim. U.S. S. R., 
4, 1-22 (1928). 


19 Reference 11, pp. 122-35. 
20 Mensuurtkin, B. N., ‘Nikolai Nikolaevich Zinin, His Life 


and Scientific Activities’ (in Russian), Grzhebin Press, Berlin and 
St. Petersburg, 1921, p. 20. 
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than the foreign scientists, however eminent, could do. 

The repression of the universities reached its height 
at the end of the reign of Alexander I. After his death 
in 1825, his brother, Nicholas I, continued the repres- 
sive policy, but with more emphasis on the political 
and less on the religious side. As a result, the sciences, 
less politically suspect than the social studies, were al- 
lowed somewhat freer reign. The custom arose of send- 
ing the most promising students abroad for study in 
Germany or France, and so a group of Russian scien- 
tists was created whose members were personally ac- 
quainted with the great scientific advances being made 
in western Europe. When these men returned to Rus- 
sia, they were usually given positions in the universities. 

During the period from 1820 to 1835 western chemi- 
cal ideas gradually spread through Russia, The theo- 
ries of Lavoisier and Berzelius were discussed, and the 
use of chemical formulas was publicized in a popular 
scientific magazine published in Moscow.'® The qual- 
ity of instruction in the universities improved, and the 
professors began to perform experiments and plan con- 
nected research with their students. As a result of this 
spadework, Russian chemistry suddenly began to show 
the results of the slow internal progress it had been mak- 
ing. From about 1839 an ever-increasing and improv- 
ing amount of laboratory work began to be reported 
from Russian universities. 

Although the University of Moscow was the oldest 
Russian university, it did not continue to hold its posi- 
tion among the research leaders of the country, and its 
chemical faculty steadily declined. Meanwhile, lead- 
ership in chemical research passed to the University of 
Kazan, which for a time was the center of chemical 
development in Russia. Once the stultifying influence 
of Magnitskif had been removed, the rector, Nikolai 
Lobachevskil, the famous mathematician who founded 
the science of non-Euclidean geometry, was able to 
build an outstanding institution. 

Two men were responsible for the development of 
chemistry at Kazan. Although very dissimilar in train- 
ing and outlook, both were possessed of the research 
spirit, and both were able to inspire the students under 
them with this ideal. The men were Karl Karlovich 
Klaus, the only Russian to discover a new element, 
ruthenium, isolated in 18438,!* and N. N. Zinin, the 
brilliant organic chemist who in 1843 first prepared 
aniline by reduction of nitrobenzene.?!_ Around them 
gathered a group of chemists from which later came 
most of the professors and investigators of Russia. The 
great development of chemistry in Russia in the second 
half of the century was largely due to members of the 
Kazan school. The most brilliant of these younger 
chemists was A. N. Butlerov,?? who also taught at 
Kazan and who there developed many of his ideas of 
chemical structure which made him the equal of Ke- 
kulé in laying the foundation of all modern organic 
chemistry. 





17, 303-6 


21 See also H. M. Leicester, J. Cuem. Epuc., 
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While Kazan was thus the most progressive center of 
chemistry in Russia, St. Petersburg continued as a re- 
search center second only to it.. The Academy of Sci- 
ences shared in the revival of chemical research of the 
1840’s. G. H. Hess (1808-50), whose early studies had 
been mineralogical in character, laid the foundation for 
the science of thermochemistry,” and C. J. Fritzsche 
made important studies of the chemistry of anthranilic 
acid and its derivatives.24 However, the Academy was 
no longer the sole center of chemical activity in the 
capital, and the era of predominance of foreign chemists 
was nearly over. Hess and Fritzsche were foreigners, 
but after 1850 more and more Russians became academi- 
cians. The accepted path to the honor of an appoint- 
ment as a member of the Academy now led through a 
professorship in a Russian university. The old tradi- 
tions did not entirely die out, and a sharp cleavage con- 
tinued to exist between the “German” and the “Rus- 
sian” parties in the Academy. 

The University of St. Petersburg!” and various spe- 
cialized educational institutions began to develop chemi- 
cal research about 1850. Under A. A. Voskressenskii, 
a student of Liebig, chemistry became a subject of 
major importance, and many of his pupils, notably A. 
N. Menshutkin and D. I. Mendeleev, became outstand- 
ing in later years. The greater attractions of the capi- 
tal began to draw the leading chemists at about this 
time. Thus, both Zinin and Butlerov spent the later 
parts of their careers in St. Petersburg. However, 
never again was the capital the only research center of 
Russia, for the provincial universities continued to de- 
velop and utilize first-class chemists. 

Just as the chemists of the generation which was ac- 
tive from 1835 to 1855 were superior to those who pre- 
ceded them from 1810 to 1830, so their successors were 
even more able and, in fact, the years from 1855 to 1890 
represent the greatest period in Russian chemistry. 
The activity in this time was greater and the quality of 
the work done was higher than at any previous period. 
During this epoch Butlerov greatly advanced the theory 
and laboratory practice of organic chemistry; Markov- 
nikov laid the foundations for the later development of 
the electron theory of organic compounds; N. A. 
Menshutkin raised analytical chemistry to an impor- 
tant position and did much basic work in chemical 
kinetics; and, above all, Mendeleev in 1869 produced 
the periodic law. Russian chemistry was recognized as 
the equal of any in Europe. 

Much of this development probably resulted from 
the liberalization of university control in 1863 by Alex- 
ander II, the Tsar who freed the serfs. Although the 
official classes continued to regard the universities with 
suspicion, these institutions enjoyed a period of self 
government which encouraged independent thought. 
The scholars and scientists who were active during this 
period were able to devote themselves fully to their 
work, and when restrictions were reimposed, they were 
able to carry on the previous high traditions. 


23 Reference 12, p. 71. 
24 SHEIBLEY, F. E., J. Cuem. Epuc., 20, 115-7 (1948). 
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The period of university liberty was unfortunately 
short. A reactionary Minister of Education, Count 
Tolstoi, gradually began to suppress the freedom of sci- 
ence, so that from 1871 there was a slow but continuous 
decrease in the effectiveness of science teaching. In 
1881, Alexander II was assassinated, and a period of 
deep reaction set in. Student unrest and riots devel- 
oped in the universities. In 1884 they were deprived 
of their autonomy, police control of the students was 
instituted, and the number of professors in the science 
faculties was reduced. As a result student riots be- 
came very frequent, and in reprisal the universities 
were often closed for varying periods. Many liberal 
professors, including Markovnikov and Mendeleev, lost 
their positions. The conservatives in the Academy of 
Sciences held power and were able to prevent the elec- 
tion as academician of even so great a figure as Mende- 
leev. Under such conditions, Russian chemistry was 
unable to maintain its highest standards. The men 
who had been leaders continued active work for a time, 
but fewer students could develop into outstanding 
chemists. Hence, there is evidence of a decline in the 
number of first-class Russian chemists at the beginning 
of the 20th century. 

The period of freedom in the sixties saw the founda- 
tion of the Russian Chemical Society, which was truly 
a spontaneous union of interested scientists and not an 
imposed organization as the Academy of Sciences had 
been. Its journal soon became one of the major chemi- 
cal publications of the world. 

Most of the leading chemists of the second half of the 
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19th century were actively interested in the develop- 
ment of a Russian chemical industry and in the eco- 
nomic factors which would favor it. Markovnikov 
and Mendeleev worked in the field of technology and 
also published economic papers favoring protective 
tariffs. Development of a chemical industry was slow, 
since most of the factories which did exist were of local 
importance only and had no laboratories. Eventually 
students trained in the universities began to enter indus- 
try, but never on a very large scale. Prerevolutionary 
Russia never developed a chemical industry which could 
supply her own needs or could influence the develop- 
ment of the science of chemistry. Thus, science in the 
19th century was an activity of the intelligentsia who 
formed a definite class in Russian society, confined al- 
most exclusively to university circles. 

Thus, Russia is an example of a country which took 
over chemistry as a full-grown science but failed to 
make it a real part of national life. Throughout most 
of her history, chemistry, and science in general, were 
importations which native Russians were not encour- 
aged to follow and sometimes were even actively discour- 
aged from following. In spite of this, when conditions 
permitted, Russian chemists showed ability equal to 
that of men in any other country of the world. The 
example of Russia shows clearly that unless a science is 
deeply rooted in the society in which it is found, it will 
be subject to outside influences to such a degree that it 
can never develop its potentialities for growth as a 
science or for the benefit of the society of which it 
is a part. 


* A SIMPLE METHOD OF DEMONSTRATING FLAME TESTS 


Tue vse of the conventional platinum wire flame tests 
for demonstration purposes is beset with a number of 
problems. The flame colors of some of the elements in 
the alkali and alkaline earth groups are weak and hard 
to obtain due to insufficient material-in the flame, diffi- 
culty of removing some of the impurities from the wire, 
insufficient heat, and premature volatilization. 

These difficulties may be eliminated by preparing 
molar solution of the metal salts and storing them in 
125-ml. wide-mouth bottles equipped with single-hole 
rubber stoppers containing a glass rod into which a short 
piece of nichrome.wire has been sealed. The end of the 
wire is coiled into a spiral and is made long enough to 
reach the bottom of the bottle. Enough short-fiber 
asbestos is added to each bottle so that when allowed to 
stand, the suspension of the asbestos extends to about 
one and one-half inches from the bottom. 


H. ANDERSON and J. F. CORWIN 
Antioch College, Yellow Springs, Ohio 


The flame test may then be demonstrated by swirling 
the contents of the bottle until a quantity of the satu- 
rated asbestos fiber has become engaged in the coil and 
then holding the soaked mass in the lower part of the 
flame of a Meker burner. In this manner the charac- 
teristic color is imparted to the entire flame and is easily 
discernible by the students even in large classes. The 
wire, now holding the dry asbestos, may be returned to 
the bottle. 

This method has also been used in qualitative analysis 
by adding a small amount of asbestos to an unknown. 
Using 0.01-molar solutions of those ions which exhibit 
characteristic flames comparative tests were made em- 
ploying both the asbestos method and the conventional 
platinum-wire method. In every case the asbestos 
method produced a large, distinctive flame, while that 
produced by the platinum wire was small and brief. 








ee CHROMATOGRAPHIC ADSORPTION 
IN QUALITATIVE ANALYSIS’ 


F'or severat years, as opportunity has permitted, 
the author and some senior students? have been trying 
to extend chromatographic adsorption to a first course 
in inorganic qualitative analysis for cations. To date, 
most attention has been given to those ions within 
groups which are most difficult to recognize in the pres- 
ence of each other, such as mercuric, bismuth, copper, 
and cadmium ions, and manganese, zinc, nickel, and 
cobalt ions. Work with the less troublesome silver 
group has also been successful. Tests within other 
groups and a systematic study to determine which ions 
interfere with tests for the other ions are under way, but 
results are not sufficiently complete to be included in 
this progress report. The silver group and the above- 
mentioned metals of the copper and zine groups will be 
discussed briefly in the present paper. 

Alumina, specially prepared for work in chromato- 
graphic adsorption, was used in all of the work reported. 
Tubes about 20 centimeters in total length and 6 to 8 
millimeters in diameter have been found quite satisfac- 
tory. A constriction about three centimeters from one 
end of the tube serves to hold a small plug of cotton, and 
also the column of adsorbent, in place in the tube. A 
glass rod was used to pack the dry alumina in the tube 
while applying suction with an ordinary filter pump. 
Solutions 1 M, 0.3 M, and down to 0.05 M with respect 
to each metal ion present were used in most of the ex- 
periments. While the 0.3 M or higher concentrations 
gave best results, in most cases’ good and excellent re- 
sults have been obtained with concentrations somewhat 
lower than the smallest concentrations mentioned above. 
Tests within the zine group are a notable example of 
success with very small concentrations of ions. It may 
be added that longer tubes and longer columns of adsorb- 
ent than mentioned above have been found rather 
necessary for some of the studies not yet complete 
enough to be reported. 

For the analysis of the silver group a small quantity 
of a solution’ containing the metal ions in equivalent 
concentrations is poured slowly over the column of 
alumina while applying gentle suction. When the 
column becomes wet with the solution for a distance of 
about three centimeters, the reagent used to develop the 
chromatogram is poured slowly over the adsorbent, a 
few drops at a time. Since potassium chromate solu- 





1 Presented in a symposium on the teaching of chemistry before 
the Virginia Academy of Science, University of Virginia, May 9, 
1947. 

? Ruth McConnell, Pamela Oline, Kathleen Ryland, Isabel 
Robinson, and Jeanne Rybolt in “Independent Study” courses. 


HARRIETT H. FILLINGER 
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tion is used as the developer, the appearance of three 
colored bands is an indicator of the quantity of the chro- 
mate solution needed. When all three ions of the group 
are present three distinct bands of color appear. The 
top orange band indicates the presence of mercurous ions, 
a yellow band just below indicates the presence of lead 
ions, and the third band of brownish rust color indicates 
the presence of the silverions. These bands are usually 
very distinct and easily recognizable, but if the analyst 
desires further identification he can elute each of the 
three metal ions after development of the chromatogram 
and apply the usual qualitative test to each of the per- 
colates. Concentrated ammonium hydroxide may be 
poured over the chromatogram to dissolve the silver 
chromate and elute the silver ions. At the same time 
the top orange band will turn black due to the action of 
the ammonia on the mercurous compound. After the 
removal of all of the rust-colored band the yellow band 
of lead chromate can be eluted by pouring sodium hy- 
droxide over the remaining two bands of the chromato- 
gram. Finally, the free mercury can be eluted with 
nitric acid. The three percolates can be collected in 
separate tubes and each tested for the appropriate ions 
if confirmative tests are desired. 

To identify mercuric, bismuth, copper, and cadmium 
ions in the presence of each other, a procedure similar 
to the above is used. However, the chromatogram is 
developed with three reagents instead of one. After 
the column is wetted as above with the solution contain- 
ing the four metal ions the chromatogram is developed 
as follows. A few drops of sodium hydroxide are first 
poured over the column. This reagent deepens the 
pale blue band where the cupric ions were adsorbed and 
forms a bright yellow band slightly below the top of the 
column and above the blue indicating: the presence of 
the mercuric ions. A few drops of sodium stannite next 
added to the column reduce the bismuth ions to free 
bismuth. A black band overlapping the yellow band 
just previously formed appears at the top of the column 
and indicates the presence of bismuth. A solution of 
sodium sulfide is next added which turns the yellow band 
very dark and also yields a broad dark band in place of 
the blue band of cupric ions and a yellow band of cad- 
mium sulfide below the dark cupric sulfide band. If the 
experimenter watches carefully he may dispense with 
the use of the sodium stannite because there is a distinct 
difference in color between the bismuth sulfide and the 
cupric sulfide. However, the stannite test is recom- 
mended for general use. 

In detecting the various ions of manganese, zinc, nickel, 
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and cobalt in the presence of each other, the chromato- 
gram is developed in four stages. After introducing the 
solution containing the four sets of ions (manganese as 
manganous ions) a few drops of nitric acid are added. 
A very broad brown band, presumably manganese 
dioxide, extends rather far down the column but is 
darkest near the top of the column. Next, a saturated 
solution of picric acid is poured over the column. A 
bright yellow band at the top of the column, partially 
obscuring the brown band where most of the manganese 
ions were adsorbed, indicates the presence of zinc ions. 
A few drops of dimethylglyoxime are then introduced. 
A rose band characteristic of the well-known test for 
nickel appears below the yellow band which remains 
unchanged in appearance when the dimethylglyoxime is 
added. Below the rose band a brownish band appears 
where the cobalt ions had been adsorbed. Since there 
is not too much contrast between the rose and brownish 
band the presence of cobalt is confirmed by pouring a 
small quantity of potassium ferrocyanide solution over 
the chromatogram. The brownish band gives place to 
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a beautiful light green band, indicating the presence of 
the cobaltous ions. The yellow, the rose, and the green 
bands are very distinct. The brownish band where the 
manganese ions were adsorbed may not be sufficient 
evidence for the presence of manganese, but it is clear 
that the presence of the manganese ions does not inter- 
fere with the tests for the other three ions. Further 
work on this chromatogram is under way. 

A few weeks ago while watching a student make suc- 
cessful tests in “knowns” for manganese, zinc, nickel, 
and cobalt in less than a minute’s time after the column 
of alumina was prepared, the author was impressed 
with the importance of trying to extend chromato- 
graphic adsorption in inorganic qualitative analysis to 
as much of the scheme of systematic analysis as possible. 
It is the purpose of the author to have a group of sopho- 
more students try out the tests developed to date on 
solutions which will be used by the class in their work 
in qualitative analysis in which the semimicro technique 
is employed. This study is hardly more than under 
way and that this paper is only a short progress report. 


e@  § DISPLACEMENT IN THE HALOGEN SERIES 


Mosr reacuers will recall the first time they demon- 
strated reactions of the halogens: there was chlorine 
in the room, bromine in the pupils’ eyes, and iodine on 
the demonstrator’s hands. Result: no subsequent 
halogen demonstrations were attempted. 

The following procedure obviates these difficulties by 
preparing the free halogens in separatory funnels as 
reaction vessels according to the reactions: 

ClO- +2H+ +Cl- =H.,0 +Chk 


5Br- + BrO;- + 6H*+ = 3H.0O + 3Br. 
oa IO;- + 6H*+ = 3H.0 + 3I, 


Chlorine: 
Bromine: 
Iodine : 5I- 


Solutions required are: (a) sodium hypochlorite, 15 
g. per liter (commercial bleaching solution’ 5.25 per 
cent); (b) sodium bromide, 10 g. per liter; (c) potassium 
bromate, 3.35 g. per liter; (d) sodium iodide, 15 g. per 
liter; (e) potassium iodate, 4.3 g. per liter; (f) 2M 
hydrochloric acid; and (g) carbon tetrachloride. 

Preparing the free halogens: Fill three 
separatory funnels with the following solutions: 


Funnel A: 30 ml. CCl + 30 ml. of NaOCl solution + 80 ml. of 

Funnel B: 30 ml. COl, + 25 ml KBrO; + 100 ml. KBr + 25 
mil. 

Funnel C: 30 ml. CCl + 8 drops KIO, + 25 drops KI + 145 
ml. 20 t 


250-ml. 


Without shaking, run 25 ml. of 2 HCl into the upper, 
aqueous layer. When the above reactions occur, they 
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liberate the free halogens. Note the color of the aque- 
ous solutions of these halogens. Now shake the funnels 
(observing the usual precaution of releasing the pressure 
by inverting the funnel and opening the stopcock for an 
instant) and note the colors of the free halogens in the 
carbon tetrachloride layers. Emphasize that the CCl, 
acts merely as a solvent; 7. e., that there is no chemical 
reaction involved. Also emphasize that the color of 
these halogens in the CCl, solutions is the same as the 
color in the free state. 

Displacement reactions: Prepare nine large test tubes 
containing the following liquids: 

Tubes numbers 1,2, 3: 5 ml. CCl, + 15 ml. NaOCl solution 

Tubes numbers 4, 5,6: 5 ml. CCl, + 15 ml. NaBr solution 

Tubes numbers 7, 8,9: 5 ml. CCl + 15 ml. Nal solution 
Run a few drops of free chlorine solution in carbon 
tetrachloride from separatory funnel A into tubes 1, 4, 
and 7; of the free bromine solution from funnel B into 
tubes 2, 5, 8; and of free iodine solution from funnel C 
into tubes 3, 6, 9. Cork and then shake the test tubes. 
Record the colors in the tubes. By means of these 
colors discuss the accompanying displacements. 

In any operation which liberates free iodine the con- 
centration of the latter must be kept very small to avoid 
confusing the color of iodine with that of bromine. 

Thanks are due to Mr. Robert Brodkey for finding 
the optimum volumes and concentrations. 





& SPECTROPHOTOMETRY FOR CHEMISTS’ 


A cuemists deal with color, and we suggest that 
more students of chemistry be offered courses in color- 
imetry based on spectrophotometry. 

Students are taught.to measure and record their ob- 
servations and experimental results in terms of funda- 
mental units. In the case of color, spectrophotometry 
provides the means of accomplishing this. 


PSYCHOLOGICAL ATTRIBUTES OF COLOR 


For the discussion and calculations which follow, it 
is necessary to understand the three attributes of color. 
These are hue, value, and chroma. Colors may differ 
from one another in any one or in any combination of 
these three independent dimensions. 

The attribute hue, which we commonly call ‘color,’ 
is designated by such familiar terms as “red,” “blue,” 
and “green.”’ The value indicates whether the ‘sample 
reflects much or little light. It is the attribute ordi- 
narily described as “light” or “dark.”’ The attribute 
chroma is a little less commonly understood. It ex- 
presses whether there is much or little neutral gray 
mixed with the color under consideration. It is some- 
t'mes designated in common language as “brilliant” or 
“dull.”’ Zero chroma is represented by a neutral gray. 

The Munsell system (4) of color samples and notation 
is arranged according to these attributes. An inspec- 
tion of the Munsell charts gives one a clear comprehen- 
sion of the three dimensions of color. 


_ SPECTROPHOTOMETRY 


Figure 1 shows a collimated beam of light, A, being 
dispersed by a prism, B, in the familiar fashion and cast- 
ing a continuous spectrum upon the screen. Most of 
the light sources under which we view the objects 
around us are incandescent solids which give continu- 
ous spectra. Such “light” is a combination of all visi- 
ble wave lengths. 

Now let us cut in the screen a narrow, vertical slit, 
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Figure 1. Spectrophotometry 
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Figure 2. Spectrophotometric Curves for Blue and Green Ink Marks 
on Paper 


D, which passes light in a restricted wave-length range. 
This spectrum light illuminates an object, HZ. The 
light which is reflected, F, will be of the same wave 
length as the incident radiation. Regardless of what 
color we associate with that object when it is viewed 
under ordinary conditions of illumination, it reflects 
only the spectral color which illuminates it under the 
conditions illustrated in Figure 1. The only difference 
between different colored objects when illuminated in 
this way lies in the per cent of the incident spectral 
radiation which they reflect at a given wave length. 
The percentage reflected (or transmitted) is independ- 
ent of the intensity of the incident beam. 

To study the color of a given object, we scan the visi- 
ble spectrum with such a slit, recording and plotting the 
per cent of the incident light that is reflected (or trans- 
mitted) at the various wave lengths. Plotting reflec- 
tion factor as a function of wave length gives the spec- 
trophotometric curve. The data represented by this 
curve give the basic physical definition of that attribute 
of the substance which we call the “color.” 

Figure 2 shows spectrophotometric curves for blue 
(B) and green (G) ink marks on paper, 0.002 ml. of ink 
per sq. cm. of paper surface. The curves were made on a 
G. E. automatic recording photoelectric spectrophotom- 





1 Presented before the Division of Chemical Education at the 
111th meeting of the American Chemical Society in Atlantic 
City, April 14-18, 1947. 
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eter by the Electrical Testing Laboratories, Inc., New 
York City. 


LIGHT SOURCES 


In order to evaluate the appearance of a substance, 
it is necessary to take into consideration the quality of 
the illuminant which shines on the object at the time of 
observation. The characteristics of light sources are 
evaluated by scanning the spectrum from such source 
and measuring the energy at each wave-length interval. 
The absolute or relative energy may then be plotted as 
a function of wave length. The curve in Figure 3 is a 
plot of relative energy as a function of wave length for 
illuminant C, adopted in 1931 by the International 
Commission on Illumination as closely approximating 
average daylight. 

The stimulus which reaches the eye of an observer is 
defined physically by the spectral distribution of energy 
in the light reflected from the object. The latter func- 
tion is determined by multiplying each ordinate of the 
curve for distribution of energy in the light source by 
the corresponding reflection factor from the spectro- 
photometric curve for the sample. These products 
may then be plotted as a function of wave length. To 
evaluate such a stimulus, an equivalent stimulus must 
be defined. A sensation cannot be described. 


TRISTIMULUS VALUES 


It is well known that a color can be matched by mix- 
ing light from three properly chosen primaries. At the 
1931 Meeting of the International Commission on 
IIlumination various research data on color matching 
were recalculated and a set of convenient primaries was 
adopted—X, Y, Z—called the tristimulus values. 
There are tables for calculating the numerical values of 
X, Y, and Z from the spectrophotometric curve of any 
color when illuminated by one of the standard illumi- 
nants. Values of X, Y, and Z might be considered the 
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Figure 3. “Relative Spectral Distribution of Energy for I.C.I. Illumi- 

nant C (1). (Reproduced through the courtesy of The Technology 

Press, Massachusetts Institute of Technology, Cambridge, Mass.) 
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amounts of light from these hypothetical primaries 
which would match the color under consideration when 
it is illuminated by the standard illuminant. 

The values of X, Y, and Z are simply numbers; they 
give no direct idea of the color, except in the case of the 
Y function which was chosen to correspond with the 
curve shown in Figure 4. This curve shows the relative 
brightness as perceived by the average human eye for 
equal amounts of energy at each wave length through 
the visible spectrum. Relative brightness values are 
plotted as ordinates, wave lengths as abscissas. 
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As Perceived by the Normal Eye (/). (Reproduced through the courtesy 
of The Technology Press, Massachusetts Institute of Technology, 
Cambridge, Mass.) 


As a result of this choice in calculating the primaries, 
the value of Y represents directly the relative bright- 
ness of the sample under consideration. 


CHROMATICITY DIAGRAM 


In order to plot the chromaticity of colors and light 
sources, the additional functions z, y, and z, called 
trichromatic coefficients, are defined: 


x i vee 
X+Y+2Z 
Pf. y 
yu Xs +2 
Y Z 
, See oe 


The numerical values of x and y are calculated for 
various colors and illuminants; x values may be plotted 
as abscissas and y values as ordinates. This procedure 
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gives a chromaticity diagram as shown in Figure 5. 
The horseshoe-shaped curve is the locus of the spectrum 
colors from 400 to 700 mz. The point marked C shows 
the position of illuminant C. The loci of the ink marks 
mentioned above are B and G. This gives another 
means of designating color. We may specify 2, y, 
and Y. 











0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
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Figure 5. Chromaticity Diagram 


DOMINANT WAVE LENGTH, BRIGHTNESS, PURITY 


The chromaticity diagram is also used to calculate 
color specifications corresponding to the psychological 
attributes mentioned above. 

If a line is drawn from the illuminant point through 
the sample point G, it intersects the spectrum locus at 
wave length 492 my. This is called the ‘dominant 
wave length” for that color and corresponds to the 
psychological attribute of “hue’’. 

The “brightness,” corresponding to the psychological 
attribute “value,” is given from the value of Y referred 
to previously. 

Purity is calculated from the relative position of the 
sample point between the illuminant point and the 
spectrum locus. A definite percentage value may be 
obtained for the purity. 

Thus, we have a third method of specifying color and 
obtaining three numerical values—‘‘dominant wave 
length,” “brightness,” and ‘“‘purity’’—which correspond 
very closely to the psychological dimensions or attri- 
butes of “hue,” “value,” and “chroma,” respectively. 

The result of the above calculations for the ink marks 
B and G follows: 
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B G 

x 0.1958 0.1323 

Y 0.1720 0.2218 

Z 0.5735 0.3276 

x 0.2080 0.1940 

y 0.1828 0.3250 

Dominant wave length 472 mu 492 mu 

Brightness 17.2% 22.5% 
Purity 54% 43% 


The figures given apply when the samples are illumi- 
nated by standard illuminant C and viewed under con- 
ditions stated in reports of the International Commis- 
sion on Ilumination. 

Another simple application, illustrated in Figure 6, 
concerns commercial blue-black inks. Writing fluids 
of this type should be permanent, for the writing must 
remain legible even though the records have been sub- 
jected to deteriorating influences, such as water soaking 
incident to fire or flood. Colorimetry based on spec- 
trophotometry provides a means for quantitative 
measurement of such effects. Figure 6 shows the spec- 
trophotometric curves for a blue-black ink mark on 
paper, before and after soaking in water, and for the 
paper on which the marks were made. 

Blue-black ink spot 





Paper Original Soaked 
Dominant wave length 564 mu 474 mu 440 mu 
Brightness . 71.6% 13. $e 39.6% 
Purity 1.0% 42.2% 2.8% 


The paper and the soaked mark have very low purity, 
indicating that they have no pronounced hue but are of 
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neutral shade. In such cases the dominant wave length 
is not of great significance, but merely indicates the di- 
rection of the slight departure from neutrality. A meas- 
ure of contrast between ink mark and paper in such a 
case may be estimated from the difference in brightness. 
Such difference could be considered a measure of the 
efficiency of a permanent writing ink in resisting oblitera- 
tion and could provide definite figures for specifica- 
tions. 


CONCLUSION 


The study of colorimetry based on spectropho- 
tometry provides a means of establishing engineering- 
specifications and tolerances for colors. It is also neces- 
sary for analytical work involving applications of Beer’s 
and Bouger’s laws and for comprehensive study of addi- 
tive and subtractive color mixtures. 

Furthermore, spectrophotometric concepts help 
greatly to orient one’s thinking about qualitative as- 
pects of color. Examples are color matching under 
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different illuminants, consideration of light sources and 
filters for accelerated fading tests, and comprehension 
of light and color mixtures in general. 

References useful to those who wish to pursue this 
subject are given (1, 2, 3, 5,6). Hardy’s “Handbook” 
(1) is particularly recommended as an introduction. 
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e PREPARATION OF 2,4-D(2,4-DICHLOROPHENOXYACETIC ACID) 
FROM PHENOL AND MONOCHLORACETIC ACID 


Tue compounp 2,4-D is receiving prominence as a 
very effective herbicide. Because of its interest to 
students in general organic chemistry the method given 
here was tried and found appropriate. We believe it 
will be of interest to others. 

The ‘2,4-dichlorophenoxyacetic acid is made from 
2,4-dichlorophenol and monochloracetic acid.1 The 
2,4-dichlorophenol is made by a modification of the 
method reported by Holleman.? Students who wish to 
make their own monochloracetic acid can use such a 
method as that reported by Bruckner.*,;* However, 
this preparation does not meet with uniform success, 
and it is appropriately assigned to advanced students. 


EXPERIMENTAL 


2,4-Dichlorophenol. Dry chlorine was prepared by 
treating 210 g. of manganese dioxide in a one-liter round 
bottom flask equipped with a dropping funnel with 500 
ml. of concentrated hydrochloric acid. The chlorine, 
dried by bubbling it through a small quantity (50 ml.) 
of concentrated sulfuric acid, was passed through 50 g. 





1 Poxorny, R., J. Am. Chem. Soc., 63, 1768 (1941). 

2 HoutiemaAN, A. F., Rec. trav. chim., 37, 96-107 (1917). 

3 BrucKNER, H., Z. angew. Chem., 40, 937 (1927); 41, 226 
(1928). 

4 GarrerMAN, L., AnD H. W1eLAND, “Laboratory Methods Of 
Organie Chemistry,” 24th edition, Macmillan and Company, 
Limited, London, 1941, p. 118. 


EILEEN EBEL, JANE BELL, ARTHUR FRIES, 
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of phenol which had been melted. An open 250-ml. 
Erlenmyer flask is a convenient container. The chlo- 
rine was bubbled into the phenol until the weight of the 
reaction flask and contents increased about 36 g. (2!/2- 
3 hours).. The product was then distilled from a 125- 
ml. distilling flask equipped with a short air condenser. 
The fraction boiling between 210° and 214° was col- 
lected. This fraction readily crystallizes upon cooling. 
Yield: 60 to 70 grams; m.p., 40°. 

2,4-Dichlorophenoxyacetic Acid. Twenty grams of 2,4- 
dichlorophenol and 11.6 g. of monochloracetic acid were 
heated together with 11.5 g. of sodium hydroxide and 60 
ml. of water until the solution was evaporated to dry- 
ness. (If a brown oily layer shows up soon after warm- 
ing, more sodium hydroxide should be added with 
caution until the layer just disappears.) The residue 
from this evaporation was dissolved in 400 ml. of hot 
water, the solution cooled to room temperature and 
acidified with hydrochloric acid. The product sepa- 
rates sometimes as an oil which crystallizes when cooled 
and stirred. This mixture was extracted with ether, 
the ether extract washed with water and finally evapo- 
rated to dryness on a water bath. The product was 
recrystallized from benzene. If difficulty is encoun- 
tered in getting crystals to form upon recrystallization, 
the addition of a small quantity of petroleum ether is 
an aid. Yield: 15 to 22 grams; m.p., 138°; white, 
odorless, rhombic crystals. 








& WHAT INDUSTRY EXPECTS OF THE 
CHEMISTRY GRADUATE: 


Waar wovsrry “expects” of chemists may be one 


thing; what industry ‘‘wants” is another matter en-- 


tirely. Some of the oldsters, perhaps with 40 years of 
experience in trying to make a laboratory click, have 
come to “expect”? much less than they “‘want.”’ 

You people would like some wise and sage person to 
take you by the hand and lead you through the laby- 
rinth of your entire university or college course, to 
emerge with your diploma ready for framing and with 
your job in just exactly the industry for which you are 
best fitted by training and nature and in which you will 
be the happiest till the day of your retirement, after 
which you will spend your last years supported by an 
adequate pension as a reward for years of real accompish- 
ment. That is a long sentence. Its stipulations are 
impossible of fulfillment. 

No-so-called aptitude tests have been devised which 
can go that far. In large measure, the sheep may be 


separated from the goats, but occasionally one will slip 


by and it is easy to imagine that a good chemist may 
find himself to be a much better electrical engineer after 
a few years. But this is part of the general hazard of 
living. It is a chance every person must take and he 
must use every effort to arrive at the right conclusion. 
Remember that 4 college education has ruined many a 
good blacksmith. 

One motive which must never actuate you is the hun- 
ger for wealth. That is fatal. If it is money that is 
wanted, go into the business world where money is the 
order of the day. Professional accomplishment. will 
bring money reward—sometimes quite large—but 
ability to produce good work is paralyzed by keeping 
the profit idea continually in view. 

Time is lost in changing a major even within the 
chemistry department. But if a change is indicated 
clearly, it should be made, for a person’s work must be 
pleasant if success is to be attained. Of course there 
are some unpleasant jobs to do like carrying out the 
ashes and mowing the lawn, but unless one can find a 
feeling of satisfactory accomplishment in his work he 
is not likely to do a very good job. . 

What technical information a student should acquire 
is difficult to outline. Every piece of real information 
will be helpful in some situation, but the mind can ab- 
sorb only a limited amount of it and making a walking 
encyclopedia of oneself often results in dulling imagina- 
tion and creative thinking. A happy medium should 
be struck. What is taught to you is less important 
than what you do with it. 


CECIL K. CALVERT 


Indianapolis Water Company, 
Indianapolis, Indiana 


Basic chemistry, yes, and get it thoroughly. In it 
are the tools which your mind must use automatically 
and as easily as you walk or breathe. Develop, if you 
do not have it naturally, a feeling for figures and their 
relationships. The most important part of mathe- 
matics for chemists is simple arithmetic. I have had 
college graduates bring a column of figures to me with 
the average greater than any single figure in the column. 
Several young chemists have come under my observa- 
tion who could not balance an equation. In one case, 
a man with his Master’s Degree had never seen or used 
a slide rule. Such deficiencies are decided handicaps. 

The answer in a chemical analysis must be within 
the realm of reason, but do not understand that I advo- 
cate shooting for the expected answer. If results are 
not about as expected and appear to be unreasonable, 
find the reason why. There zs one and it may be the 
important point in the whole matter. 

This leads us naturally into a consideration of one of 
the prime requisites in a chemist. It is real honesty— 
not merely the kind of honesty which prompts return- 
ing the dime borrowed for carfare. It is the kind of 
honesty which prevents .a person from kidding himself. 
Never dodge the facts. The basic origin of the word 
“science” means “‘to know.”” One cannot “know” with- 
out being really honest with oneself. This is of the ut- 
most importance. 

You are approaching the end of your college course 
and are looking for a job. (It is unfortunate for you, 
ultimately, that you are graduating at a time when 
technically trained people in all lines are in great de- 
mand. Getting a job will be easy and holding it may 
not be as hard as when times are more nearly normal.) 
A man appears at your school for interviews with pos- 
sible candidates for the work he has in mind. Those 
who have elected to specialize in courses along the lines 
of the proposed work are the only ones he will interview. 
Thus, he decides what he ‘‘expects” or ‘‘wants”’ in his 
new employee as basic ability. The scholastic record 
will show how well prepared the student seems to be. 

But he wants a lot more and you can improve your 
chances of being employed and hurry your advance- 
ment by paying attention to some of the nontechnical 
things. These things do not apply to chemists alone; 
they apply to all people who have contacts with other 
humans. It is amazing how few people observe and 





1 Presented at the Eleventh Biennial Student Meeting of the 
Indiana Section of the American Chemical Society, April 26, 
1947. 
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practice the little things that may spell failure when 
success could have been had as easily. 

The man experienced in obtaining new employees 
will look for neatness in appearance. This does not 
mean that expensive dress or extreme grooming will 
attract him. It may have the reverse effect. Natural 
neatness stands out away ahead of that induced, for 
instance, by hair pasted down with a load of some of the 
radio-advertised products. 

Conservative clothing in good order lends confidence. 

Cleanliness is imperative—soap cleanliness. Dirty 
hands, unshaven face, and soiled linen are poison and 
so unnecessary. Do not try to cover it up with per- 
fumery—it cannot be done successfully. There is no 
finer fragrance than that of a clean body, radio comment 
on ‘“*B-O” notwithstanding. Drug-store or any other 
perfume, at 5 cents or $50 an ounce, is a handicap. 
This applies to young women as well as to young men. 

In our laboratory there is an operation which must 
be carried on in an atmosphere as free from extraneous 
odors as possible. For some time, we were plagued 
with a faint odor of perfumery. All of us hunted the 
origin high and low and unsuccessfully. Eventually, 
it was traced to the after-shaving lotion of one of the 
young men who was hunting for the trouble as assidu- 
ously as any of the rest of us. Any good chemist can 
figure out an odorless after-shaving lotion; the perfume 
adds nothing to its effectiveness. 

Avoid smoking during an interview. The inter- 
viewer may smoke and may offer one to you. It is well 
to refuse it. This practice should be followed after em- 
ployment, too. Your “boss’’ does not want your ashes 
on his desk and rug and you make no headway by blow- 
ing smoke in his face. 

Benjamin Franklin’s autobiography is recommended 
to you. If you read it with care and understanding, 
you will profit by what he learned from personal experi- 
ence nearly 200 years ago. It is written, of course, in 
the language of that day and seems stilted, but it really 
is simply quaint and you will enjoy it after a few chapters 
are read and are likely to go back over some of them. 
The things he stresses have to do with courtesy, for one 
thing. Whistling is terrible and singing or humming 
just as bad within the hearing of another person. The 
practice is clear indication of a vacuous and inactive 
mind—one that is far away from the work at hand. 
Besides, it annoys hearers and disturbs the train of 
thought. I found this out the hard way when my 
“boss”’ literally took the hide off of me, as no one else 
could, when I was idly whistling as I carried on labora- 
tory work. It may be a good and harmless sedative 
for the barefoot boy to follow the admonition of the old 
song, ‘Shorten the row with the songs you know,” but 
music has no place in a laboratory or office or in any 
other place where people are supposed to be thinking. 
We used to sing as we drove loads of hay from the fields 
to the barn but I soon found it had no place very far 
away from the farm. ‘ 

Franklin mentioned particularly the habit of drum- 
ming on the desk or chair with fingers or pencil. It 
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tends to distract the attention of the person with whom 


you are speaking. In a discussion of any sort, nothing 
should be done to interfere with the thing you are trying 
to say to the other person. It is hard enough for a per- 
son to get his idea over to someone else under the very 
best conditions. It is foolish to complicate that opera- 
tion by introducing an unnecessary distraction. 

Just a few days ago I heard a young man deliver a 
lecture to a lay audience on a very technical subject. 
He needed to have the audience devote its undivided 
attention to the thing he was saying. He stood in a 
comfortable, natural position with hands at his side. 
He did not straighten his coat, smooth his hair, play with 
coins in his pocket, or twiddle his fingers. He simply 
stood and talked clearly and concisely, and those of us in 
the audience were hardly conscious of anything other 
than his face and his words. This experience is worth 
while remembering. 

Brashness and assertiveness are offensive. When a 
statement is made which you know to be wrong, express 
your own belief politely. Franklin says that he has 
found it more advantageous to say “I believe” or “‘it is 
my opinion” or “T have heard’’ than to call the other 
fellow a liar—or anything approaching it. In other 
words, a certain amount of humility is not only good 
for us inside, but it raises our selves in the opinion of the 
other fellow. Note that I said humility, not subservi- 
ence. Do not be a Uriah Heep. That is equally of- 
fensive and arouses suspicion of an individual in the 
minds of the boss and of fellow workers. 

In interviewing a prospective laboratory man, I in- 
quire regarding hobbies, amusements, sports and what 
magazines, nontechnical, are read regularly—and I’m not 
impressed when the list is limited to Atlantic Monthly 
or Harpers, though both are fine. A person should 
have a hobby, really, to be normal. He ought to have 
some fun. Tennis or golf are nice sports to find in a 
prospective employee’s hobby bag. They develop good 
coordination and while a laboratory is a mighty poor 
place to swing a golf stick, fair proficiency on the links 
means more precise movement at work. Playing the 
piano or violin as a hobby means that fingers work well 
and will do the thing the operator wishes to do and with 
certainty. There is less danger of damaging a fine bal- 
ance or dropping a crucible at the end of a long labora- 
tory operation if fingers work well. 

If some relative, say your mother’s second cousin’s 
uncle, owns a factory or industry in which you wish to 
work, you can get the job, perhaps, that way. But 
when you have the job, it’s yours and you had better 
produce. Family and friends cannot hold your job; 
you have to do that for yourself. It can be done only 
by doing, in the best fashion you can, the most work you 
can put out. There is no substitute for it. 

Most of you are thinking that I’ve been of little help 
because I’ve talked about “starting positions’ when you 
are all interested in the “top” jobs. Of course you are 
interested in them but you are not going to get them 
until you show that you can handle them. The way to 
get promotion is to be ready to do the next job ahead 
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when the chance comes. Except in rare instances, the 
man in the better job is glad to help you learn it, to tell 
you what he is doing and how and why. To prepare for 
a better job, one must study, possibly take night courses 
in lines in which he is deficient. You cannot make 
yourself ready in eight hours a day regardless of union 
rules and newdealisms. Time was when an employer 
was only too happy to have an employee show enough 
interest in his work to want to work overtime and on 
week ends at special problems he had in mind or to be- 
come more proficient in his work. Now, overtime must 
be paid for and it is beyond the individual’s own power 
to avoid it. If some disgruntled person reports the fact 
that you are on the job more than eight hours a day, the 
employer is penalized and you suffer as well. One 
worker I knew a few years ago was taking night-school 
work and wanted to be able to do some week end work 
in the laboratory in which she was employed so that 
her advanced degree could be won earlier. It almost 
took legal talent to draw up a contract to permit such 
work to be done without penalty for either party. 
Years ago this same employer encouraged extra scho- 
lastic work by paying people while they attended classes. 
Such obstacles as these are thrown in your way because 
of the times in which you are growing up. 

Prepare yourself by study and observation to be 
ready to go to a better job when it is available. But do 
not be impatient. I was, and I beg your indulgence in 
letting me recount my own experience in this respect. 

In my youth, before I was quite through college, I 
was sent to another climate in a panic year to get well 
or else. I found a job in a seasonal factory as a test 
chemist. As the season wore on, I had little to do and 
finally the little laboratory was closed. They gave me 
a job in the mill as laborer. I had to move 100 pounds 
of the product every minute or be covered up. I re- 
sented this. Actually, they were being good to me in 
letting me work at all. In amonth my youthful dignity 
caused me to resign—quit would be a better word—and 
in less than two weeks the whole laboratory force was 
fired for irregularities and, if I had been there, I could 
have had a very nice and permanent place in a large 
organization. I repeat—do not be impatient. On the 
other hand, do not be caught in a pocket. In small 
organizations it may happen that you will reach a place 
where the only possible chance for advancement lies in 
the death or resignation of a rather young man. That 
is a situation which calls for a move, and watch should 
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be kept for vacancies in a larger business or top positions 
in a smaller one. 

Never let the feeling stifle you that industry is trying 
to hold you down. Industry is looking for top boys 
who can produce. You must recognize the fact that 
you must produce more value than the salary you are 
paid. -The stockholders have to get a little something. 
If you produce 10 per cent more than you are paid, in- 
dustry ‘is happy and they are happier if your production 
runs so high that they can pay you 90 per cent of a mil- 
lion dollars. But remember, as I said near the start, do 
not let the profit motive be your guiding star. If you 
make good, you must keep your mind on your work, 
not on the dollar sign. 

A young man was graduated during the last depres- 
sion. He had worked his way through school. ‘The 
work for which he had fitted himself was in an industry 
which was flat at that time. Hehadtoeat. He wanted 
to get married. So did his girl, just as all you young 
men and women will. He was quite desperate. Finally 
he got a job as laborer in an industry far removed from 
that for which he prepared himself. While he plied 
pick and shovel, he studied at home and took night- 
school courses and in just a little while his head stuck 
up above the rest of the crew so far that it was apparent 
that he had greater capacity than was being used. 
There is no use to follow him step by step as he advanced. 
Today he is looked to as a leader in his field and 
his salary at least puts meat on the table for himself and 
his very fine family. You can do the same, whether 
times are easy or hard, if you follow the same pattern. 
There is no substitute for hard work. 

Avoid cliques in the organization in which you find 
yourself. Be friendly, of course, but do not become so 
involved with any one individual or group of individ- 
uals as to interfere with your own complete freedom of 
decision and action. Such cliques are likely to become 
little monarchies and are often dominated by a person 
willing to turn the efforts of the group to his own ad- 
vantage. I have never seen this sort of thing succeed. 
It always falls apart and often with disastrous results. 

Nowhere is tolerance so important asin America. The 
whole population is heterogeneous. The man working 
next to you may hold views entirely opposite to those 
you hold yourself. He has as much right to his view 
as you have to yours and, you must remember, he might 
be right. Remember, you will never meet a person who 
isn’t smarter than you in some particular. 





DONORS WANTED 


The Committee on Foreign Compendia of the American Chemical Society has been advised 
that the groups preparing new volumes of Beilstein’s Handbuch and Gmelin’s Handbuch are 
handicapped by the lack of the Journal of Chemical Education, 16 (1939) and subsequent numbers 
to this date. 

Will anyone wishing to donate one or more volumes of the Journal of Chemical Education 
please communicate with H. B. Hass, Chemistry Department, Purdue University, who will see 
that they reach the right place? 
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Ir 1s often said that the mass spectrograph gives a 
direct measurement of atomic weights, as opposed to the 
older methods which were all indirect. Careful reflec- 
tion will show that this is not the case and that the 
mass spectrographic determination of atomic weights is 
as indirect as any other method. 

The older methods of atomic weight determination 
all depended on first measuring the equivalent weight, 
or A/V, where A is the atomic weight and V the valence 
in the compound used. The indirection consisted in 
this, that a separate experiment was required to form a 
basis for a judgment as to the most plausible value of V. 
Once V was decided on, the atomic weight followed at 
once; the two pieces of information were arrived at 
simultaneously. 

With the mass spectrograph, lines are obtained upon 
a photographic plate, and in principle the method of 
making a measurement from them is either (a) spacial 
measurement of the positions of the lines or (b) measure- 





ment of the change in the conditions (voltage) required 
to bring the lines into coincidence. This gives the mass 
of the particles producing the lines in terms of the mass 
of a convenient comparison line (determined absolutely 
once and for all), or rather,.it gives the ratio of the mass 
to the charge. Many of the lines are produced by 
doubly charged particles, or particles with three or more 


B charges. The particle *O++ produces a line correspond- 


ing to a single charged particle of mass 8. A line which 
night be thought to indicate an atom of atomic weight 
6is probably due to 2C++. Mercury atoms can lose 
any number of electrons up to 8. There are also lines 
due to charged molecules and to fleeting associations of 
atoms like CH +, CH2*, and CH;* that we chemists are 
unaccustomed to think of as “molecules.” As an ex- 
ample of the possible complications, a line of mass num- 
ber 43 can be given either by !2C3!H;+ or !%Xe+++, 
Mass spectrographers found their way through this 
jungle of lines without much trouble. A few mistakes 
were made; the isotopes 7O and #*%O might have been 
discovered earlier if their lines had not been mistaken 
fr OH and what the physicist calls ““OH:,” and two 
isotopes of zinc which were falsely reported turned out 
to be hydrides, but in general the identification of the 





1 “The fairy story of atomic weights,’’ Tuts JouRNAL, 24, 14 
1947). . 


THE CONTINUED FAIRY STORY OF ATOMIC 
| WEIGHTS’ 


ANTHONY STANDEN 
The Interscience Encyclopedia, Brooklyn, New York 


charged molecular species responsible for each line 
presented few difficulties. This was because the physi- 
cists who made the experiments knew all the atomic 
weights beforehand. If they had not, it might have 
been a matter of the utmost difficulty to devise a con- 
sistent explanation for the whole welter of lines, al- 
though this is an idle speculation, for if the physicists 
had really not known the atomic weights, it is in the 
highest degree doubtful if they could possibly have con- 
structed a mass spectrograph. 

What the mass spectrograph registers directly is not 
the atomic weight, but 2A/n, where ZA is the sum of 
the atomic weights in the molecular fragment, and n is 
the number of positive charges. Separate knowledge, 
derived not from the mass spectrograph but from other 
experimental sources, is required to find the multiplier 
which will convert 2A/n to A, the atomic weight. 

The analogy with old fashioned atomic weight deter- 
minations is obvious. In the old fashioned manner 
A/V is determined, and then separate experimental 
knowledge is required to interpret V. In mass spectro- 
graphy, 2A/n is determined, and separate knowledge 
(derived beforehand from the old fashioned methods 
themselves) is required to interpret n and =. In the 
former case a word exists, “‘equivalent weight’’ (con- 
sidering this as one word for convenience) to describe 
the intermediate determination; in the latter case, the 
lack of a word to describe the intermediate determina- 
tion blinds us to its.very existence. Let 2A/n be called 
the “‘mass-charge ratio” of the particle. It will then be 
seen that what the mass spectrograph gives us directly 
is the mass-charge ratio and that this is no more the 
atomic weight than the number of grams of an element 
that.combine with eight grams of oxygen is the atomic 

weight; it may be in some cases, or again it may not. 

This analysis is without effect, of course, on the actual 
practice of mass spectrography, for it makes no prac- 
tical difference whether our information is direct or in- 
direct. It is important, however, for chemical educa- 
tion, for if someone asks us ‘‘How did scientists find out 
the atomic weights?” and if he asks us genuinely and 
demands a genuine answer (even a student is entitled to 
such an answer), it is important that we do not quote an 
experimental method that can only be interpreted by 
one who knows the answer beforehand. 








w TRANSFERENCE NUMBERS BY THE 
MOVING BOUNDARY METHOD 


Serverat years ago Longsworth! pointed out in Tu1s 
JOURNAL that the treatment of transference number 
measurements in the undergraduate physical chemistry 
laboratory could readily be extended to include the mov- 
ing boundary method in addition to the classical Hittorf 
method. It is our purpose to describe a compact modi- 
fication of the accessory apparatus required which com- 
bines adequate accuracy of results with marked conven- 
ience in operation. 

The earlier experimental arrangement employed a 
constant-voltage supply (B-battery bank) with the cur- 
rent through the moving boundary tube held constant 
by continued manual adjustment of a series resistance. 
The new method introduces an electronically controlled 
constant-current supply, with which only occasional 
manual adjustment is required to compensate for the 
resistance change occurring in the moving boundary 
tube. A calibrated milliammeter is incorporated in the 
instrument for convenient measurement of the current 
in routine work; the potentiometric method previously 
recommended! can be substituted if desired. The com- 
pleted unit is shown in Figure 1, and the circuit diagram - 
in Figure 2. 

The operation of the constant-current supply depends 
upon making the current flowing through the moving 
boundary tube the plate current of a pentode tube, be- 
cause it is characteristic of the pentode that under 
proper conditions the plate current will be practically 
independent of changes in plate voltage. In Figure 3 


1 Lonasworth, L. G., J. CHEM. Epvc., 11, 420 (1934). 
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We 
Figure 1. Constant-Current Supply Unit 


are shown the plate characteristics for the 6AC7 video- 
amplifier pentode which gave us the best results in the 
present application. It is seen that at the compara- 
tively low current level required here the characteristics 
are almost flat in the higher plate voltage range. 

The electrolytic solution in the moving boundary tube 
acts as a variable load resistance R, in the pentode- 
plate circuit. If the voltage supplied to the 6AC7 plate 
circuit is E,, and the plate current passing through 
the moving boundary tube is i, there will be a potential 


Figure 2. Circuit Diagram for 
Constant-Current Supply Unit 


OWT PUT 


SW-1 S.P.S.T. toggle switch 

SW-2 D.P.S.T. switchback on 
R-3 

PL 6-watt 110-volt pilot light 

T Thordarson 713R11 power 
transformer 

Ch-1,2 Filter chokes, 8 henry or 
larger 


Ci, Co, Cs 8-mf., 450-volt dry elec- 
trolytic condensers 


Ri 25,000-ohm, 50-watt 

R2 15,000-ohm, 20-watt 

Rs 100,000-ohm potentiometer 

Rs 10,000-ohm potentiometer 

MA 0-3-ma. d.-c. Weston model 
301 meter 

VT-1 5Y3 Rectifier 








VT-2 6AC7 Video-amplifier pen- 
tode 
VR VR-105 Voltage regulator 
LAT Batt. 71/s-volt ‘“‘C” battery, Bur- 
24 a gess type 5540 
> "4 Fuse 1-amp. Little fuse 
Cabinet Bud No. 1746 
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drop i,R, across R, so that the plate voltage will be 
given by (E,.— i,R,). The plate voltage will thus be 
at its maximum value at the start of the experiment and 
will gradually decrease as the boundary moves up the 
tube. This change in plate voltage is quite appreciable. 
In a typical determination of the transference number 
of the hydrogen ion in 0.1 N HCl solution the initial 
resistance of the moving boundary apparatus was 5300 
ohms, and the final resistance approximately 50,000 
ohms. For a current of three milliamperes the corre- 
sponding decrease in plate voltage is nearly 135 volts. 
If, however, we have provided for operation under con- 


ditions such as specified by the point O in Figure 3 it is - 


obvious that there would have been very little change 
in current in spite of the large change in plate voltage. 
The efficiency of current regulation is illustrated by the 
data of Table 1, which were obtained with a regular 
student unit. Improved control at a higher current 
level can be obtained by using a higher voltage plate 
supply. The magnitude of the plate current is, of 
course, determined by the control grid bias, of which 
coarse and fine adjustment is provided by R; and R,, 
respectively. The unit should be allowed a 20-minute 
preliminary warm-up period for best results. 

The full-wave rectifier is followed by a two-section 
filter which reduces the alternating-current ripple volt- 
age superimposed on the 350-volt direct-current output 
voltage to below 0.1 per cent. Condenser input to the 
filter is employed because the higher voltage so obtained 
permits more efficient operation of the pentode current- 
control section. There is no need for regulation of the 
plate voltage supply since such variations as occur in it 
are equivalent to small resistance changes in the moving 
boundary tube for which the control circuit automati- 
cally compensates. 

It has been found, however, that the current level at 
which regulation takes place is markedly affected by 
the filament temperature of the 6AC7 as well as its grid 
bias, so that less satisfactory control will be obtained if 
the line voltage is subject to drift or marked fluctua- 
tions. In such a case the use of a constant-voltage 
transformer or other voltage regulation of the power 
transformer primary voltage will produce a decided 
improvement in performance. 











TABLE 1* 
Plate 
resistance, 
ohms Plate current, ma. e 
0 1.000 1.500 2.000 2.500 3.000 
5,000 0.999 1.499 1.997 2.496 2.995 
10,000 0.998 1.497 1.994 2.491 2.989 
20K 0.996 1.492 1.987 2.481 2.973 
30K 0.994 1.489 1.982 2.471 2.959 
50K 0.992 1.481 1.968 2.446 2 928 
100K 0.983 1.461 1.928 2.365 2.775 


* Current measurement by the potentiometric method. Pri- 
mary voltage of power transformer regulated. 





Constancy of screen voltage for the 6AC7 is obtained 
by use of a voltage-regulator tube. The results ob- 
tained with the VR-105 were superior to those given by 
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Figure 3. Plate Characteristics for 6AC7 Pentode 


the VR-75, 90, or 150. Because of the high transcon- 
ductance of the 6AC7 it was found absolutely necessary 
to use a battery source to insure constancy of control 
grid bias. Cathode bias as employed in the circuit 
given by Reich? is not recommended in this application 
because the control obtained is not good enough. 

Standard banana plugs and jacks are used to connect 
the moving boundary tube electrodes to the current 
supply. Since the negative side of the power supply 
is grounded to the chassis and hence to the metal cabi- 
net as well, insulated plugs and jacks are mandatory, 
because each of these connections is at a potential sev- 
eral hundred volts above the chassis. The current- 
limiting property of the circuit minimizes shock hazard 
in any case, since no more than a few milliamperes can 
flow, in spite of the high voltage present. In addition 
to the main power switch a separate high-voltage cut- 
off is provided so that the tube filaments can be kept 
hot while the output circuit is dead; in order to protect 
the plate milliammeter this switch is located on the 
back of the coarse-current control so that the 6AC7 is 
biased past cut-off when the high voltage is turned on. 
Further protection for the meter is provided by the 


" grid-biasing arrangement used, with which the grid 


bias can never increase above — 1'/2 volts. 
Hydrochloric acid solutions (0.1 to 0.05 N) have been 
the regular subject of student work in our laboratory, 
because the use of an indicator such as methyl violet 
eliminates difficulty in locating the boundary. The 
amount of indicator used should be held to a minimum. 
The current should be turned on as soon as possible 
after the hydrochloric acid solution is placed in the 
tube to minimize complications arising from the direct 
attack of the acid on the cadmium electrode. The 
moving boundary tube assembly suggested by Longs- 





2 Retcu, H. J., “Theory and Applications of Electron Tubes,’’ 
Second Edition, McGraw-Hill Book Company, Inc., New York, 
1944. 
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worth! is very satisfactory and can be conveniently 
constructed from pyrex glass by use of the graduated 
pyrex pipets manufactured by the Ace Glass Company. 
A silver-silver chloride electrode is used as the cathode. 
Measurements on KCI solutions are recommended for 
additional work only, since they are more difficult to 
carry out and it is first desirable to insure experimental 
results adequate to illustrate the principles involved. 

This equipment has been successfully employed for 
the past several semesters. The results observed in 
this period indicate that an accuracy of the order of one 
per cent is readily obtained. Customarily a current of 
2.95 ma. is recommended in order to obtain maximum 
accuracy in setting the current level on the Weston 
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Model 301 meter employed. A deviation of one-fifth 
of the smallest meter division is easily detected, corre- 
sponding in this case to a maximum deviation of 0.3 per 
cent. The meter calibration is checked periodically 
by the potentiometric method; under these conditions 
a level of performance considerably above that guaran- 
teed by the manufacturer is achieved. 

The major source of difficulty emphasized by the 
students lies in the timing of the motion of the boun- 
dary. This observation provides additional justifica- 
tion for use of the milliammeter for current measure- 
ment instead of the potentiometric method, whose in- 
berent accuracy cannot be fully utilized in student 
work. 


we ARTIFICIAL RADIOACTIVITY PRODUCED 
IN A HIGH-SCHOOL LABORATORY 


T ue acm of the experiment to be described was to de- 
vise a method of producing artificial radioactivity and 
transmutations with equipment available in high-school 
physics and chemistry laboratories. 

A source of “bullets” necessary to produce artificial 
radioactivity or transmutations was obtained by bom- 
barding lithium, in the form of lithium chloride, with 
protons, thus securing relatively high energy alpha 
particles. The alpha particles were used in turn to 
bombard various elements to bring about artificial 
radioactivity. Protons were obtained by ionizing hy- 
drogen gas at low pressures with an incandescent fila- 
ment and accelerated by means of a demonstration 
static generator. 

The proton accelerator consisted of the outer tube of 
a Liebig condenser with an incandescent filament sealed 
into the tube a few inches from one end. Sealed in 
each end was a metal plate with leads connecting to the 
static generator. The negative plate contained the 
lithium chloride and desired target. A glass tube was 


also sealed in one end, through which the hydrogen was. 


introduced (see Figure 1). 

Dried hydrogen was allowed to enter the accelerator 
through the glass tube and displace all the air in the 
accelerator. After displacement of the air the glass 
tube was sealed off and a vacuum pump, connected at A, 
set into operation. When the hydrogen was at suffi- 
ciently reduced pressure the filament was turned on 
and the static generator started. Proper polarity was 
insured by charging the generator with a low-voltage 
(400 v.) power supply. The apparatus was allowed to 
operate from 20 to 30 minutes. 

In the original experiment chromium was used as a 
target. After bombardment the target was removed 
and tested for radioactivity. It caused sensitive photo- 


graphic film and blueprint paper to appear light struck 
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and the emanations could be detected with a Geiger 
counter (constructed in a home laboratory). 

To determine what actually occurred when the 
chromium was bombarded by alpha particles, an analy- 
sis was necessary. The chromium was dissolved in 
hydrochloric acid along with the product of bombard- 
ment. The resulting chlorides were then precipitated 
by ammonium hydroxide, filtered, and ignited in an 
electric furnace. Hydrochloric acid added to the re- 
sulting oxides dissolved the product of bombardment. 
The insoluble chromium oxide was filtered and a portion 
of the filtrate tested for iron with potassium thiocya- 
nate. The test for iron showed positive. The remain- 
ing iron was then precipitated by ammonium hydroxide, 
filtered, and the residue tested for radioactivity with 
film and blueprint paper. The tests showed positive. 

Original samples of chromium were tested for radio- 
activity and iron in the same manner asa control. All 
such tests showed negative. 

It appears from the information gathered that the 
following reactions occurred within the accelerator: 

sLi? + ,P! — -He* + 2He' © 
2Cr5? + 2Het — o¢Fe®® + on! 
e oeFes5 —> K + v 


STATIC GENERATOR + 
100,000 VOLTS 
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Figure 1. Proton Accelerator 
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ey MISDIRECTED CURIOSITY PRODUCES FATAL 


RESULTS 


Cuemisrry, although a sober fundamental science, is 
surrounded by a halo of fascination that frequently 
proves irresistible. Many worthwhile contributions 
to the science have been made because someone was so 
carried away that he delved beneath the surface to seek 
the “why” of an unusual reaction. Research is recog- 
nized as the basis of progress in the science. 

Recently, however, we have stood aghast as we have 
read report after report of teen agers whose zeal and 
curiosity exceeded their limited knowledge, with con- 
sequences both painful and fatal. From May, 1946, to 
April, 1947, we have read of five such examples of 
youthful desire “‘to see what will happen,” resulting in a 
total of eight dead and 14 disfigured for life. 

A young student, walking through a field near an 
army target range, spied an unexploded shell. Col- 
lecting an audience of teen agers as he went along, he 
carried the shell to a bicycle shop. The desire to ‘“‘see 
what’s in it” proved so strong that the boy obtained a 
saw and started sawing the casing. The resulting ex- 
plosion killed six and seriously injured ten others. 

One brilliant high-school senior became so impressed 
with explosives in the chemistry class that he accumu- 
lated 15 laboratory manuals and converted his base- 
ment into a research laboratory. Two classmates 
served as his assistants in the experiments which for 
months shook the neighborhood vacant lots and resulted 
in repeated protests from residents and the police. 
One Saturday morning the research trio had concocted 
a new mixture and placed it in a crude bomb made 
from a short length of pipe capped on both ends. The 
mixture detonated by friction from the threads of one 
cap. One of the three lost so much blood from wounds 
that he died shortly after reaching the hospital; the 
second died a few hours later from a piece of the pipe 
which had punctured his liver; the third was so dis- 
figured about the face and neck that months of painful 
plastic surgery were. required before his face again 
appeared human. 

Another case, we read, involved five students in a 
high-school class who also wanted to make a bomb. 
Stealing chemicals from a storeroom conveniently left 
with a key in its lock, they mixed potassium chlorate, 
red phosphorus, and powdered charcoal in a battery jar. 
The 18-year-old student holding the jar lost both hands 
when the mixture blew to pieces. 
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In another city a 15-year-old junior-high-school stu- 
dent leaned over a cafeteria drinking fountain as he 
turned on the water. A sheet of flame struck him in the 
face. Five teen agers had stolen pieces of metallic 
sodium from the science room and placed them in the 
fountain drain. The metal reacted violently with 
water, causing the explosion that showered the face 
and eyes of the innocent victim with fire and lye. 

Two high-school students, ages 15 and 16, were 
arrested recently in still another city when they deto- 
nated fireworks during classes. One of the boys ob- 
tained the pyrotechnics from an adjoining state where 
the sale was legal and sold them to the second culprit 
who ignited them. 

“Boy Chemist Hurt by Cellar Blast” blares another 
headline which told of severe acid and flame burns 
suffered by a 16-year-old amateur “‘when he poured one 
test tube’s, liquid into another test tube.’’ Neighbors 
told police that the boy earlier had been testing fire- 
crackers and miniature bombs on a vacant lot and was 
making a new mixture. Fortunately, two other youths 
in the cellar laboratory at the time escaped injury. 

Parents and teachers jointly share responsibility for 
these senseless incidents. Parents should find out what 
chemicals are used in home experiments and allow none 
that are dangerous. If neighbors and police complain 
about violent noises, drastic action must be taken to 
protect lives and properties. In a constructive vein, 
the young chemist’s attention should be diverted to 
other experiments of a less dangerous nature. 

Teachers should minimize discussions of explosives in 
the high-school chemistry course. No chemicals should 
be taken from the laboratory except by special per- 
mission of a competent chemist. Unauthorized experi- 
mentation should be prohibited, with serious disciplin- 
ary measures administered by the parents, the school 
authorities, and the police. Dangerous raw materials 
easily converted to explosives, such as chlorates, per- 
chlorates, sodium, potassium, phosphorus, charcoal, 
nitrates, permanganates, glycerin, toluene, magnesium, 
and iodine should be kept locked up and dispensed only 
under carefully supervised conditions. In short, we 
must protect the actions of impulsive curious youth 
even though it involves apparent restraint of the desire 
to explore the unknown. Youth must learn that so- 
ciety really looks to science for constructive work. 





_A MODEL FOAM-TYPE FIRE EXTINGUISHER 


‘Tux operation of the foam-type extinguisher may be 
clearly demonstrated with the apparatus shown in the 
sketch. 

The model may be constructed in the following way: 
A lamp chimney is drawn down in a flame to form a 
nozzle about one-half of the diameter of the narrow 
section of the original chimney. This is done at about 
the midpoint of the narrow section. 

A wide but thin cork stopper is fitted to the wide end 
of the chimney tube and two holes are bored at a slight 
angle toward each other with a diameter to accommo- 
date 7-mm. glass tubes about 3 to 4 inches long. A 
funnel is attached to each glass tube and the entire 
apparatus is suitably mounted. 

In order to facilitate foam formation, a small disc of 
copper gauze is soldered to the end of a thin, rigid wire 
whose other end is pressed into the cork stopper. In 
operation, a pyrex beaker containing a few milliliters of 
benzol is placed in a glass trough, directly under the 
nozzle of the extinguisher. Saturated sodium bicar- 
bonate solution plus licorice extract or egg albumin is 
ready in one beaker and a saturated solution of alum in 
another. Ignite the benzol and pour the two solutions 
through their respective funnels. As the liquids im- 
pinge on the gauze disc in the mixing chamber, a thick 
foam is produced which issues from the nozzle and soon 
blankets the fire, thereby extinguishing it. 

The entire sequence of events and reactions of the 
foam-type extinguisher is clearly visible to the students. 
The peculiar advantage of foam in extinguishing Class 
B fires may be shown by substituting water for the alum 
and proceeding as above. In this case the fire will con- 
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tinue to burn, while formerly the foam blanketed and 
extinguished the blaze. 


CHEMISTRY AT THE ORANGE SHOW 


Whoo wis the $12,000 in prizes for oranges, lemons, 
and grapefruit at the National Orange Show? The 
author was requested to supervise the laboratory 
analysis of approximately 100 samples of fruit. What 
an opportunity to train students in chemical technology, 
with practical application to the local citrus industry. 

Seventeen 1B chemistry students volunteered to 
help. During two laboratory periods of instruction, 
apparatus and standard solutions were prepared and 
practice analyses performed. 

The group set up the laboratory at the Orange Show 
with the speed, smoothness, and facility of veteran 
laboratory technicians. Indeed, it was a striking 
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demonstration of how quickly laboratory technicians 
may be trained to perform routine operations when 
under the leadership of a skilled chemist who is a good 
organizer. 

The laboratory procedure was similar to standard 
methods of evaluating citrus fruits. However, the 
methods used are briefly described here because they 
may be of interest to others. 

The fruit was weighed and the volume determined 
by displacement of water. The higher the average 
density of the fruit, the better the quality since the 
ratio of edible portion to peeling is higher. 


(Continued on page 468) 
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SYNTHESIS AND STEREOCHEMISTRY 
OF BIOTIN AND RELATED PRODUCTS' 


T'urs paper is intended as a brief review of the work 
on the synthesis of biotin and related biologically 
active analogs. The history of the isolation, structure, 
and biochemistry of biotin is covered in four excellent 
reviews by -du Vigneaud,? Hofmann,* Melville,‘ 
and Hertz.6 The reader is referred to the above re- 
views for early references on this subject. 

Biotin was originally known as a yeast growth factor. 
It was isolated in 1936 by Kégl and Ténnis in Holland. 
In 1940, Gyérgy, Melville, Burk, and du Vigneaud 
suggested the identity of biotin with vitamin H and 
coenzyme R. Gyérgy’s vitamin H is the anti-egg 
white injury factor in rats. When rats are fed a diet 
very high in raw-egg white, they develop a severe 
dermatitis. They undergo poor growth and have an 
abnormal kangaroo-like posture. Administration of 
biotin produces a rapid return to normal gait and pos- 
The dermatitis disappears and a new growth of 
hair covers the denuded area. 

Coenzyme R was described by Allison, Hoover, and 
Burk in 1933 as having growth and respiration pro- 
moting effects for rhizobium trifolii, a legume-nodule 
organism. In 1940, Gyérgy, Rose, Hofmann, Melville, 
and du Vigneaud isolated pure crystalline biotin methyl 
ester from Witamin H liver concentrate and it was 
shown to be identical with Kégl’s product isolated from 
egg yolks. Ké6gl has not accepted the identity of these 
preparations and he uses the terms a-biotin from egg 
yolk and £-biotin from liver. 

The extreme potency of biotin is noted by the fact 
that less than one part of biotin in 5 X 10" parts of the 
medium are necessary for the yeast-growth assay. In 
rats, one milligram of biotin is equal to 2000 daily 
curative doses. Biotin is necessary for all bacterial 





! This paper was taken from a talk given at the Eighth Summer 
Conference of the New England Association of Chemistry Teach- 
ers, Middlebury College, Middlebury, Vermont, August 24, 1946. 

2 pu VIGNEAUD, V., Science, 96, 455 (1942). 

3’ Hormann, K., “Advances in Enzymology,” Vol. III, Inter- 
science Publishers, Inc., New York, 1943. 

4 Metvi1te, D. B., “Vitamins and Hormones,” Vol. IL, Aca- 
demic Press, Inc., New York, 1944, 

5 Hertz, R., Physiol. Rev., 26, 479 (1946). 
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and animal growth, including man. However, there 
is no known deficiency disease caused by the lack of 
biotin in natural diets. 

In 1937 Kégl published the correct empirical formula 
of biotin methyl ester—namely, CuHis03N28. Be- 
tween 1940 and 1942 the Cornell Medical School Group 
led by du Vigneaud, Hofmann, and Melville, published 
a series of papers which was culminated by the formula- 
tion of the structure of biotin as shown by formula I. 

At that time the synthesis of biotin was undertaken 
in several different laboratories. The Merck Research 
Laboratories had collaborated with Dr. du Vigneaud 
and his group at the Cornell Medical School in New 
York during the later stages of the structural work. 
In May, 1943, Harris, Wolf, Mozingo, and Folkers® 
of the Research Laboratories at Merck & Company, 
Inc., Rahway, New Jersey, announced that they had 
obtained synthetic biotin which was identical in all 
respects to natural biotin. The details of this syn- 
thesis, the resolution of dl-biotin, and the correlation of 
the biotin isomers appeared in several papers during 
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1944 and 1945 by Harris, Wolf, Mozingo, Anderson, 
Arth, Easton, Heyl, Wilson, and Folkers.’ Their 
synthesis is illustrated by the accompanying reactions. 
Cysteine, II, a naturally occurring sulfur amino acid 
was condensed with chloroacetic acid to give compound 
III. After benzoylation and esterification the com- 
pound was treated with sodium methoxide when a ring 


6 Harnris, 8. A., Wour, D. E., Mozinao, R., AND Fotxers, K., 
Science, 97, 447 (1943). 

7 Hanis, S. A., Woxr, D. E., Mozineo, R., ANDERSON, R. C., 
Artu, G. E., Easton, N. Ri, HEY, D., Wison, A. N., AND 
FOLKERS, K., J. Am. Chem. Soc., 66, 1756, 1757, 1800, (1944); 
67, 2096, ’2100, 2102 (1945). 
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closure took place to give compound VI. Treatment 
with hydrochloric acid in an aqueous acetic acid solution 
caused decarboxylation to take place to yield com- 
pound VII. Compound VII contains the tetrahydro- 
thiophene ring, one amino group, and one potential 
amino group in the ketone. The synthesis of the side 
chain is illustrated by the reactions VIII — IX — 
xX — XI. Glutaric acid anhydride was treated with 
methy! alcohol to give glutaric acid methyl ester which 
was in turn converted to the acid chloride, which on 
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treatment with a Rosenmund catalyst and hydrogen 
was converted to the aldehyde XI. 

The condensation reaction between the ketotetrahy- 
drothiophene, VII, and the aldehydo acid, XI, using 
piperidine and acetic acid as a catalyst, is shown by the 
reaction VII — XIII. The unsaturated ketone was 
treated with hydroxylamine in pyridine solution to 
give the unsaturated oxime, XIV. Compound XIV 
contains the complete carbon skeleton two nitro- 
gen atoms, and-the sulfur atom. It was then 
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possible to reduce the oximino group and the double 
bond to a completely saturated compound. This was 
partially accomplished by using zinc dust and acetic 
acid in the presence of acetic anhydride. In this way, 
two compounds were obtained—namely, XV and XVI. 
It is to be noted that these compounds differ only by 
the position of the double bonds. Hydrogenation of 
these compounds, using a palladium catalyst and hy- 
drogen gas, yielded completely saturated isomeric 
compounds, XVII. Compound XVII was treated with 
barium hydroxide at 140°, as was previously described 
by du Vigneaud and his coworkers, to yield a diamino 
carboxylic acid, XTX. 

Upon treatment of this compound with sodium 
carbonate and phosgene, a cyclic urea compound, XX, 
was obtained, having the structure previously desig- 
nated for biotin. At this point, the synthesis of biotin 
was complicated by the fact that it contained three 
asymmetric carbon atoms. Such a compound should 
theoretically exist in eight stereoisomeric forms. These 
should exist in four dl or racemic mixtures. Actually, 
the two unsaturated compounds, XV and XVI, yielded 
only three series of saturated compounds. The melting 
points of these series of compounds are represented in 
Table 1. The series of compounds in the first column 
yielded dl-biotin. The compounds in columns two 
and three analyzed the same as the compounds in 
column one, but they proved to be entirely different 
stereochemically and the final products were com- 
pletely inactive biologically. 





TABLE 1 


Nomenclature and Melting Points of the Isomeric 
Compounds in the Biotin Synthesis 








dl-Iso, XV dl-Allo, XVI 
185-186° 162-163° 
L N VA » 
dl-, dl-Allo, dl-epi-Allo-, 
Dehydro ester *e; “¢, "C. 
Diamido ester, XVII 155 172-173 185-187 
Diamido acid, XVIII 232 195* 189-190* 
Sulfate of diamino acid, : 
XIX 249-250 228-230 283-285 
Biotin, XX 232 194-196+ Fuses above 195+ 


* The mixed melting point of these two compounds was 182- 
184°. 

+The mixed melting point of these two compounds was de- 
pressed to about 180°. 





Although dl-biotin contained one-half the biological 
activity of natural biotin, it could not be compared 
directly with natural biotin until it had been resolved 
into its two components. This resolution proved 
somewhat difficult because it would not combine with 
the ordinary alkaloids to form crystallizable salts. 
It was first resolved by combining it with optically 
active mandelic acid as an ester and fractionally crys- 
tallizing to separate the two compounds. After 


hydrolysis of this ester, a biotin was obtained which 
was identical in melting point, optical rotation, crystal 
structure, and all other physical properties with that of 
natural biotin. 


Microbiological and rat assays showed 


‘atoms over Raney-nickel catalyst. 
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the synthetic and the natural biotin to be completely 
equivalent. It was found that strong bases would 
combine with biotin to yield crystallizable salts. The 
strongly basic amino acid l(+) arginine proved to be 
a very satisfactory base to combine with biotin. The 
d-biotin-l-arginine salt crystallized directly from 
aqueous isopropyl alcohol, and d-biotin was recovered 
from this salt in 80 per cent yields. 

Melville, Dittmer, Brown, and du Vigneaud re- 
ported in Science in 1943 the very surprising result that 
desthiobiotin was as fully active as biotin is by the 
yeast assay. It was reported that yeast probably 
resynthesized biotin from desthiobiotin. Desthio- 
biotin‘ had been originally prepared from biotin by the 
replacement of the sulfur atom with two hydrogen 
The three biotins 
shown in Table 1 were treated with Raney nickel, 
reaction XX — XXIII. The same compounds were 
obtained by the alternative series of reactions as il- 
lustrated by XVIII — XXI — XXII—> XXIII. It 
was found that dl-biotin yielded dl-desthiobiotin, which 
had one-half the activity of that reported for d-des- 
thiobiotin. The two isomeric biotins yielded another - 
compound which had no activity with yeast and a 
melting point differing from that of dl-desthiobiotin. 
Figure 1, taken from the original article’ on the stereo- 
chemistry of biotin, illustrates the stereochemical 
interrelationships of the various products obtained 
during this synthesis of biotin. Products represented 
by structures (a) and (d) were not obtained experi- 
mentally. 
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dl-Biotin was synthesized in excellent yields from the 
diamino acid by treatment with phosgene. The other 
two isomers, dl-allobiotin and dl-epiallobiotin, were not 
obtained in such good yields, apparently because they 
were not stable to recrystallization from water. This 
observation was supported by the fact that dl-allo- 
biotin was hydrolyzed in an aqueous solution con- 
taining one mol of sulfuric acid to the. corresponding 
dl-allodiamino acid sulfate ‘and carbon dioxide by 
boiling for a few minutes. Under the same conditions, 
dl-biotin liberated no carbon dioxide and was recovered 
unchanged from the reaction mixture. After removal 
of the sulfur atoms the dl-desthiobiotin and dl-allodes- 
thiobiotin were found to be stable under these con- 
ditions, which indicated that the instability of the urea 
group in dl-allobiotin and dl-epiallobiotin was due to 
the strained transfusion of the two rings. It was thus 
concluded that dl-biotin had a cis ring structure, as 

R_R 


NH NH 
H 


in, ¢ 
CH; CH;CH;R! 


(i) 


R 

NH HR 

\ A NH 

e oy ; ig mei 
| ae ee CH, CH,CH,R! 
oe” ei Seen Y ' Paid . 2h 


(c)~ 


The Stereochemical Interrelationships of the Various 


Figure 1. 
Products Obtained during the Synthesis of Biotin 


* The enantiomorphs are omitted from this diagram for simplicity: 
R = C,H;CO—, CH:O, H, or —CO—; R! = (CH2);COzH. 

> The configuration of the side chain has not been established. 
shown by formula XXIV. Likewise the other two 
biotin isomers must have transfused rings as shown by. 
formula XXV. The formation of the strained ring 
compounds isomeric to biotin was a very surprising 
result. The fact that they were obtained at all is 
explained by their very low solubility in water under 
the conditions of the experiment. They were so un- 
stable that they could not be recrystallized satisfac- 
torily from water or other solvents. Biotin can be 
recrystallized in excellent yield. The relationship of 
these isomers of biotin can best be demonstrated by 
the use of models. The above work, plus the assump- 
tion that hydrogen is added only in the cis manner to 
the double bond, leads one to the conclusion that biotin 
has the cis, cis structure. Figure 2 shows a picture of 
such a model of biotin. 
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CH(CH:),CO:xH =CH, CH(CH:),CO.H 
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(XXIV) 


The only other synthesis of biotin which has been 
reported in the literature appeared in 1945 in the 
Helvetica Chimica Acta by Griissner, Bourquin, and 
Schnider® of the Hoffmann-LaRoche Laboratories in 


Figure 2 


Switzerland. Their synthesis is very different from 
that reported from the Merck Laboratories, as shown 
in the accompaning reactions XXVI to XXXIX, 
inclusive. They also obtained three racemic isomers 
in their synthesis. On an exchange of specimens of 
samples between the two laboratories it was found 
that their dl-B-biotin was the same as dl-biotin. Their 
y @-biotin and dl-iso-6-biotin did not compare with 
either allobiotin or epiallobiotin. They have since 
reported® that these two isomers do not yield either 
dl-desthiobiotin or dl-allodesthiobiotin and, therefore, 
they must be structurally different rather than stereo- 
chemically different from biotin. 

Two syntheses of dl-desthiobiotin appeared in the 
Journal of the American Chemical Society in 1945. The 
first, as shown by reactions XL to XLVI, was by Wood 
and du Vigneaud” of the Cornell Medical Laboratories 
and the second, as represented by XLVII — LIV, was: 
by Duchinsky and Dolan" of the Hoffmann-LaRoche 
Laboratories in Nutley, New Jersey. Dr. Hofmann 
has reported in several papers from the Ciba Labora- 





8 GrissnER, A., Bourquin, J. P., anp Scuniper, O., Helv. 
Chim. Acta, 28, 517 (1945). 

® GriissneR, A., Bourquin, J. P., aNp ScHNIDER, O., ibid., 29, 
770 (1946). 

10 Woop, J. R., AND pu VicNEAupD, V., J. Am. Chem. Soc., 67, 
210 (1945). 

1 Duscuinsky, R., anp Dotan, L. A., ibid., 67, 2079 (1945). 
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tories and later from the University of Pittsburgh on the total synthesis of dl-oxybiotin. This synthesis 
the synthesis of oxybiotin. Paper No. VI’ reported is shown by reactions LV to LX, inclusive. In this 
12 Hormann, K., ibid., 67, 1459 (1945). - oxygen series the trans-amino derivatives did not give 
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the cyclic compounds as did the sulfur series. The 
most surprising and unexpected part of this work was 
that dl-oxybiotin for certain organisms had activity 
equal to that of dl-biotin. Hofmann concluded that 
oxybiotin and biotin have identical spacial configura- 
tions and that the two compounds differ from one 
another only in the nature of one of the hetero atoms. 
In the case of desthiobiotin, the yeast transformed it 
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into biotin. This does not appear to be the case with 
oxybiotin. Hofmann developed the differential assay 
procedure for oxybiotin and biotin and by its use was 
able to demonstrate that yeast utilized the oxybiotin 
molecule as such and does not transform it into biotin. 
This differential assay was based on the fact that oxi- 
dizing agents convert biotin to an inactive sulfone and 
do not attack oxybiotin. 
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e TEXTBOOK OF BIOCHEMISTRY 

Benjamin Harrow, Professor of Chemistry, City College of New 
York. W.B. Saunders Company, Philadelphia, 1946. 4th edition. 
xiii + 592 pp. 144 figs. 80 tables. 15.5 X 23.5cm. $4.25. 


In THE fourth edition of this well-known textbook of biochem- 
istry the author has included a large amount of material written 
in a concise, logical manner. This textbook is intended primarily 
for introductory courses in biochemistry, and in organization, 
scope, and point of view it very adequately serves this purpose. 

An introductory chapter is followed successively by chapters 
on the carbohydrates, the lipids, the proteins, the nucleoproteins, 
and the enzymes. These subjects are treated in the conventional 


manner and structural chemistry is emphasized. A chapter on ° 


some of the general aspects of food is followed by a detailed, 
sequential treatment of the various vitamins. A useful feature 
of the latter chapter is the inclusion of many illustrations showing 
the effects of vitamin deficiency. The chapter which follows the 
discussion on vitamins is a brief one which introduces the sub- 
jects of photosynthesis and of chlorophyll to the student. Di- 
gestion and the enzymes involved in the process are next treated 
in chapter 10. Like other textbooks before it, this book considers 
rennin as an enzyme of rather common occurrence in the gastric 
juice of young animals, although there is evidence to indicate 
that what is termed rennin is characteristic of the secretion 
of the fourth stomach of the cat. The next three chapters deal, 
respectively, with the subjects of detoxication, absorption, and 
blood. In chapter 14 the conventional sequence is broken by the 


insertion ‘of a section on immunochemistry and chemotherapy in 
which the major portion of the discussion is concerned with the 
recent important work on antibiotics. The chemistry of respira- 


tion is treated next, followed by six chapters dealing with various 
phases of metabolism. The text closes with chapters on the 
chemistry of the tissues, urine, hormones, and nervous system. 

An appendix of 28 pages follows the text, in which a variety of 
subjects considered “‘possibly too advanced for the general stu- 
dent” are discussed. Among the subjects included in the ap- 
pendix are summaries of syntheses of certain biologically impor- 
tant compounds, such as glutathione, thiamin, dicoumarol, 
androsterone, testosterone, as well as summaries of techniques 
for the isolation or preparation of crystalline pepsin, chymotryp- 
sin, and the adrenotropic hormone. An especially useful feature 
of this book is the unique and very adequate list of bibliographic 
references at the end of each chapter. These are not of the usual 
type, for the autLor has gone to considerable labor to classify the 
references according to subject matter and to make pertinent 
and useful remarks regarding them. The work of the student 
as well as of the instructor, in following up any phase of biochem- 
istry, will be greatly facilitated by this excellent bibliography. 

This book, like many textbooks, is not without faults. It is 
unfortunate, for example, that the modern concept (Brénsted) of 
acids and bases given in the appendix is not applied in the chapter 
on respiration where the sodium and potassium in combination 
in the proteinates, the bicarbonates, and the phosphates of blood 
are referred to as bases. The statement (p. 139), “hemeralopia, 
or partial night blindness (that is, loss of visual acuity in dim 
light),” contains a double error. In the first place, hemeralopia 
is day blindness; nyctalopia is night blindness. In the second 
place, night blindness is essentially determined not by a loss of 
visual acuity but by a rise above the normal level of the rod visual 
threshold. A more careful proofreading would have detected the 
fact that vitamin B; is spelled thiamine in some sections of the 
book and thiamin in other sections, and that the generic name of 
Penicillium notatum is uncapitalized. The reviewer also objects 
to arbitrary text citations in which one author is cited for a piece 
of work in which a group participated. This is not accurate re- 
porting of the scientific record. 


Ir spite of these and other possible criticisms, this textbook 
should continue to be a very satisfactory textbook for introductory 
courses in biochemistry. It is modern, logically and clearly writ- 
ten, and an adequate presentation of the main body of general 
biochemistry. It is fortunate for students entering the field of 
biochemistry that a book of this type is available to them, a book 
written by a man who quite clearly has the student point of view 
in mind. 

FREDERICK CRESCITELLI 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


g MICROCALORIMETRY 

W. Swietoslawski, Professor in absentia of Physical Chemistry 
of the Institute of Technology, Warsaw, and Senior Fellow, Mel- 
lon Institute. Reinhold Publishing Corporation, New York, 1946, 
x+199pp. 56figs. 15 X 23.5cm. $4.75. 


Tuts book, written by a prominent European authority on 
calorimetry while he was a wartime refugee in the United States, 
“deals with measuring the very small thermal effects produced by 
different objects’ under a wide variety of conditions. Durations 
of time range from one-half second in the investigation of the heat 
production of stimulated frogs’ nerves to several months in the 
setting of cements. Again, the amount of the object involved in 
the thermal process may vary from a minute quantity of radium 
to a lead block of 18 kilograms mass. Some typical small heat 
effects are 0.00002 cal. per gram per hour in the internal transfor- 
mation of the lead block and 0.000002 cal. per gram per second in 
the stimulation of nerve. 

The following chapter headings are indicative of the ground 
covered: Microthermal Processes of Long and Short Duration; 
Calorimeter Jackets, Thermostats, and Thermometers; Method 
of Comparative Measurements; Twin Microcalorimeters Used in 
Radiology; Use of the Ice Calorimeter in Microthermal Measure- 
ments; Tian’s Investigations in Microcalorimetry; Microthermal 
Measurements of Processes of Short Duration; Adiabatic Micro- 
calorimeter; Static and Kinetic Methods of Microthermal 
Measurements; Labyrinth Flow Calorimeter; The Choice of a 
Method. In this last chapter 19 different calorimetric problems 
or examples are analyzed. Nine of these pertain to the heat ef- 
fects in transformations of radioactive materials, a field in which 
the author and his collaborators carried out many studies in the 
prewar years in Poland. Other examples here involve heats of 
vaporization, of absorption, of aging of an aluminum alloy, and 
of hardening of cement, the specific heats of solids and liquids, 
the heat developed by animals, and the leat of germination of 
seeds. A valuable bibliography of 130 references is also ap- 
pended. 

Since this book deals in an able manner with a field of calo- 
rimetry that has hitherto received no such special treatment, it 
should certainly be valuable to the specialist in thermochemistry. 
It should also prove interesting and worth while to any scientist 
who in his studies finds himself concerned with processes involving 
such micro heat effects. However, for the latter a preliminary 
reading of some general work on calorimetry, such as the chapter 
by J. M. Sturtevant in Weissberger’s “Physical Methods of Or- 
ganic Chemistry” (Interscience. Publishers) or Walter P. White’s 
monograph on ‘‘The Modern Calorimeter’ (Chemical Catalog 
Company) will probably be advisable, as Dr. Swietoslawski in 
the present book apparently assumes a fairly extensive prior 
knowledge of general calorimetric methods. 


GEORGE 8S. PARKS 
STanrorp UNIVERSITY 
Stanrorp UNIVERSITY, CALIFORNIA 
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& CHEMISTRY IN RELATION TO FIRE RISK _ 
AND FIRE EXTINCTION 


A. M. Cameron. Second Edition. Pitman Publishing Cor- 
poration, New York, 1944. vii +196pp. 13.5 X 22 cm. 


THIS LITTLE book is intended to aid candidates for the exami- 
nation of the British Institution of Fire Engineers. Teachers 
of general chemistry will discover many interesting details in 
the chapters on spontaneous combustion (XVI-XVII) and 
dust explosions (XIX). One learns that haystacks heat up for 
a variety of reasons: germination of seeds, respiration of green 
grass, fermentation by one type of bacteria at 40°C. and by 
another type at 50-60°C. Spontaneous combustion of drying 
oils, fibers, and coal are discussed. We note that sugar and 
starch are our most hazardous dust, but coke and anthracite 
least so. Other chapters are clearly written, but merely provide 
an orthodox résumé of the general chemistry of combustible 
materials: the common gases, liquid hydrocarbons, solid organic 
matter, and oxidizing agents. As a source of well-documented 
curiosa the chapters singled out above are well worth reading. 


HUBERT N. ALYEA 
PRINCETON UNIVERSITY 
Princeton, New JERSEY 


& SMITH’S COLLEGE CHEMISTRY 


William F. Ehret, Professor of Chemistry, New York University. 
D, Appleton-Century Company, Inc., New York, 1946. Sixth Edi- 
tion. xii +677 pp. 265 figs. 1.75 K 25.5cm. $4.75. 


Tus 1s an excellent revision of the Smith-Kendall college 
chemistry text. The entire book has been rewritten and as- 
sembled in a two-column format. For the most part the original 
sequence of topics has been retained and any changes seem to be 
a definite improvement. One such case is the advancement of 


the chapter on the periodic system from Chapter 25 to Chapter 


16. Atomic structure is introduced briefly in Chapter 4 and 
treated more thoroughly in Chapter 19. The discussion of va- 
lence is given in the latter and also in Chapter 9. It is unfortunate 
that some of the valence material was not included earlier—for 
example, Chapter 4—since the student is required to write formu- 
las for the reactions of oxygen and hydrogen without this aid. 

Some of the repetition characteristic of earlier editions has been 
eliminated and page references to previous discussions are substi- 
tuted. In general, this is a good feature, but in some cases is 
carried to extremes. For example, under the section on sulfuric 
acid as an oxidizing agent, reference is made to pages 320, 168, 
165, 75, and 320, and no equations are included in this particular 
section. 

Professor Ehret writes in an easy conversational style—“say” 
is often used in place of ‘for example’”’—and expressions such as 
“however” and “‘on the other hand” are prevalent. The student 
should find the explanations clear and thorough. In some cases 
the reviewer feels that the discussion could be considerably 
shortened but the student may find this helpful. 

It is a distinct pleasure to find an author who retains the periodic 
classification. as a basis for studying the metallic elements. 
The material on the metals is well organized. Each chapter be- 
gins with a table showing the electronic structure, valence, and 
physical properties of the group and is followed by a series of 
general equations showing the chemical properties. From a 
physical standpoint, many of the figures are marred by poor re- 
production and the printing of the reverse page is easily read 
through some figures. 

The author is to be congratulated for presenting a book 
which must be rated as one of the best texts for the general course. 


CHARLES E. WHITE 


UNIVERSITY OF MARYLAND 
CoLuLeGe Park, MARYLAND 
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@ SCIENCE SINCE 1500: A Short History of 
; Mathematics, Physics, Chemistry, Biology 


H. T. Pledge, Librarian, Science Museum of London. The 
Philosophical Library, New York, 1947. 358 pages. 15 figs. 
15 X 24cm. $5.00. 


The author states in his Preface that this book is “aimed pri- 
marily at the ‘specialist in other subjects,’ the scholarship candi- 
date, the university student, the research worker.” And it is 
indubitably a book which will make the specialist in some other 
subject realize that he needs a knowledge of the history of 
science if he wishes to be a successful specialist. It is a ‘‘coor- 
dinating survey” which discusses the inter-relationships, since 
the Rennaissance only, of mathematics, physics, chemistry, and 
biology, not with political history, not with the history of thought 
and learning, but with man’s affairs, his personal ecology, his 
intellectual housekeeping. ‘‘The accuracy of instruments in 
any period is at once one of the greatest limiting factors in sci- 
entific discovery and an expression of the advances already 
The book contains an excellent and up-to-date ac- 
count of the history of modern mathematics, including much 
which we have not seen in other recent surveys. 

“Brevity has been secured by suppressing biography and the 
human sciences, sociology, pec leit psychology, economics. 
To balance this, the story itself has been thrown against a back- 
ground of the human and economic factors in successive periods 
rather than against the more intellectual and philosophical back- 
grounds which have mainly interested writers. of previous gen- 
eral works, such as Sir W. Dampier. At the same time, the reader 
must not expect—what he will find in the works of Prof. L. Hog- 
ben—a treatment in which social needs take primary place. 
Primary place is given to the technical tradition by which alone 
those needs have been supplied.” Yet, for all this, the book con- 
tains very little on the history of engineering. 

The book makes slow reading—perhaps because it is tightly 
packed and contains so many statements which provoke one to 
pause and consider. The author’s style tends to be journalistic 
and exclamatory in places, but his observations are subtle and 
frequently profound. We quote, almost at random, two ex- 
amples of his meaty writing. 

“The mere identification of muscles and bones with levers 
had been made by Galen and carried into considerable detail by 
Fabricius (1537-1619). Galileo had recognised that interesting 
principle which we call the ‘scale effect,’ and had applied it both 
to inanimate structures and to living ones. Weight goes up as 
the cube, but supporting area only as the square, of the linear di- 
mensions. Hence the slender flea, and the thick-limbed ele- 
phant; also, the enormous size of some marine animals, whose 
weight is supported by the water. Hence, too, the practical 
stimulus to the subject, in connection with the launching of 
ships. The flea is not only slender but immensely agile, and this 
fact raises the question of the way in which muscular power 
varies with muscle size, and so the further one which had ob- 
sessed Leonardo, of the possibility of unaided human flight. . . .” 

“Science and trade have, however, a certain similarity which 
is not always seen. Trade means exchange, communication. 
Science is the communicable part of the true, and is apt to forget 
how much truth there is of which the evidence perishes with 
passing events or is otherwise incommunicable. Both trade and 
science wish to avoid closing up avenues of further profit. Trade 
does not mean an isolated bargain. Science does not mean an 
isolated, finished truth. It means always finding a new puzzle to 
replace the old, sometimes to the destruction of workers who have 
too far specialised their technique. Finally, trade agrees on 
currency and on standard weights and measures. Science lives 
by these and by further symbols and instruments as to which all 
observers can agree.” 


TENNEY L. DAVIS 
NoRWELL, MASSACHUSETTS 
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e ‘CHEMISTRY FOR OUR TIMES 


Elbert Cook Weaver, Phillips Academy, Andover, Massachu- 
setts, and Laurence Stanley Foster, Watertown Arsenal, Water- 
town, Massachusetts. McGraw-Hill Book Company, Inc., New 
York, 1947. xii+738pp. 376figs. 15 X22.5cm. $2.48. 


During 4 first casual examination, one is immediately im- 
pressed with the superlative physical make-up of this text. The 
paper and bindingare of excellent quality. Photographs, drawings, 
and charts are abundant and of exceptional value in stimulating 
interest and in giving information. 

The volume opens with a longer-than-usual introduction, which 
describes the nature and position of chemistry as a science, and 
presents many of the fundamental concepts of science and of 
chemistry, including a description of the scientific method. The 
remainder of the text is organized into sections, called units, 
entitled, in order: Our Essential Environment, Chemistry’s 
Business Office, Dispersions of Matter, Chemistry of the Earth’s 
Crust, Chemical Industries, The Metals, Chemistry of Carbon 
Compounds, Chemistry and Human Problems, and Additional 
Topics. Most of these titles give adequate indication of the 
content. 

The first unit covers a study of the atmosphere, oxygen, hydro- 
gen, and water, and of the physical states of matter. Chemical 
equations are introduced early in the first unit, although complete 
explanation of them comes late in the second unit, which is de- 
voted to molecular and atomic structure of matter, formulas, 
equations, ions, and valence. Unit eight describes some of the 
relationships of chemistry to problems of food, clothing, health, 
safety, and explosives. The ninth unit consists of chapters de- 
voted to radioactivity, radiant energy, noble metals, and less 
familiar elements, and to a discussion of further training required 
for the chemical profession. 

Each unit is introduced by a short, illustrated story, presumably 
intended to stimulate the interest of the reader in the material to 
follow. In the last unit the material on these pages bears little 
relationship to the topics which follow. 

A very complete summary is provided at the close of each 
chapter, and abundant well-chosen questions for study, review, 
or testing are included. General review questions, an extensive 
glossary, and an unusually complete appendix and index make the 
text especially usable. . 

In spite of the authors’ statement in the preface that an en- 
tirely new elementary chemistry textbook for the atomic age is 
presented, this reviewer finds about the same subject matter 
covered, in much the same manner, as in many other well-known 
chemistry texts. However, this volume does contain a wealth 
of interesting history, fact, and story which should fascinate the 
student and assist the beginning or inadequately prepared teacher. 
This book indicates that at least some writers and publishers are 
devoting more attention to the interests and needs of high-school 
students and less to copying the appearance, organization, and 
content of college texts. This is surely highly commendable. 

Those teachers most insistent upon rigorous accuracy and 
clarity will seriously criticize the few awkward sentences and 
confusing statements which escaped the final reading. 

We are glad to recommend this volume for careful consideration 
by all teachers of high-school chemistry. 


RAY C. SOLIDAY 
Oax Park Hieu ScHoou 
Oak Park, ILLINOIS 


=) PHYSICAL METHODS OF ORGANIC CHEMISTRY 
Arnold Weissberger, Editor, Eastman Kodak Company. Inter- 


science Publishers, Inc., New York, 1946. Volume II. vii + 


736-1367 pp. 234 figs. 40 tables. 15 X 23cm. $8.50. 


THIS SECOND volume is a continuation of the collaboration of 
nine physical scientists and the editor, Arnold Weissberger, on 
physical methods of studying organic compounds. Further 
comment than was given in a review of the first volume is not 
necessary {see J. Comm. Epuc., 24, 51 (1947)]. 


The following chapter headings will suggest the contents of 
this volume: Spectroscopy and Spectrophotometry, Colorimetry, 
Photometric Analysis, and Fluorimetry, Polarimetry, Dipole Mo- 
ments, Conductometry, Potentiometry, Polarography, Magnetic 
Susceptibility, Radioactivity, and Mass Spectrometry. 

A subject index (52 pages) for both volumes is included in this 
volume. 

A bibliography of general references to the subject matter 
covered is given at the end of each chapter and numerous refer- 
ences are given to the original literature in each chapter of both 
volumes. 


LEALLYN B. CLAPP 
Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


2 PRACTICAL PHYSIOLOGICAL CHEMISTRY 


Philip B. Hawk, President, Food Research Laboratories, 
Bernard L, Oser, Director, Food Research Laboratories, and 
William H. Summerson, Associate Professor of Biochemistry, 
Cornell University Medical College. Twelfth Edition. The 
Blakiston Company, Philadelphia and Toronto, 1947. xiv + 
, 1323 pp. 329 figs. 6 colored plates. 15 X 23cm. $10.00. 


TuE 121 edition of this well-known book now takes its place 
in the series of former editions by the senior author and his col- 
laborators. This series extends back to the time when the pos- 
sibilities of the application of physiological chemistry to the prob- 
lems of medicine were beginning to be seriously appreciated. 
Indeed, the growth of physiological chemistry and its practical 
uses can almost be gaged by the increase in size of each successive 
edition of Hawk’s ‘Physiological Chemistry.” The present 
volume is no exception, having 355 more pages than the previous 
edition which was published in 1987. 

The presentation of the subject follows the familiar pattern 
that has always characterized this book—a discussion of the 
various topics of physiological chemistry followed by laboratory 
experiments based on the topics discussed. Most of the chapters 
have been partly or entirely rewritten and in many cases rear- 
ranged and expanded. The chapter on muscle is expanded to 
include detailed discussion of the chemistry of muscle contrac- 
tion. The chapter on vitamins is greatly enlarged and includes 
chemical and microbiological assay methods developed in recent 
years for the individual vitamins, particularly those of the B 
complex. The intermediary metabolism of the individual 
amino acids is considered in greater detail than was possible for- 
merly. 

It is new material, however, that is largely responsible for the 
increased size of the book. The theory of photometry and a 
description of the commonly used photoelectric colorimeters, 
spectrophotometers, and fluorometers is given in recognition of 
the present widespread use of these instruments. The use of the 
ultracentrifuge and electrophoretic fractionation is included in a 
considerably expanded section on plasma proteins. The War- 
burg technique for measuring cell respiration appears for the first 
time in this edition. A section is devoted to isotopes and their 
application to biological investigations. There is a new chapter 
on antibiotics and metabolic antagonists. 

The format of the book has been changed somewhat and many 
of the tables are printed in smaller type than in earlier editions. 
The appendix is considerably expanded. One is impressed with 
the excellence of most of the photomicrographs of crystalline 
compounds. Few typographical errors were noted, although 
this reviewer made no systematic attempt to search for such. 
Two of the colored plates are labeled ‘‘Plate IT.” 

Many teachers will not adopt this book for class use because 
of their dislike for the combination of theory and laboratory pro- 
cedure in one volume. The impossibility of covering more than 
a fraction of the material in the book in the usual time available 
for a laboratory course in biochemistry will cause other teachers 
to hesitate to adopt it. However, whether it is used for class work 
or not, most laboratories, university and clinical, will want this 
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volume on their shelves for handy reference. This will be par- 
ticularly true for quantitative blood and urine methods and the 
interpretation of such analyses which are given in considerable 
detail. 
F. A. CAJORI 
University oF CoLtorapo ScHoot or MEDICINE 
DeEnvER, CoLoRADO 


& MECHANISM OF REACTIONS AT CARBON-CARBON 
DOUBLE BONDS 


Charles C. Price, Professor of Chemistry, University of Notre 
Dame. Interscience Publishers, Inc., New York, 1946. viii + 
120 pp. 16 figs. 7tables. 15 X 22.5cm. $2.50. 


“CHAPTERS IN Organic Chemistry” have been the vogue in 
many institutions ever since Alfred W. Stewart began the publica- 
tion in 1908 of his series entitled ““Recent Advances in Organic 
Chemistry.” It is impossible for anyone to keep up with the 
vast literature of organic chemistry, and therefore the publication 
of brief résumés in special fields is very helpful and worthwhile. 
The biennial Organic Symposia of the American Chemical So- 
ciety, the Chemical Research Conferences (formerly the Gibson 
Island Research Conferences), special lectures at different uni- 
versities are all evidence of this desirable trend. The present, 
volume under review is the first of a new series of this general 
type although the series is not confined to organic chemistry alone 
but to chemistry in general. According to H. Mark, the editor, 
“Topics of special interest will be selected and presented in a 
manner that accentuates the personal aspect and scientific ap- 
proach of the author and possible trends and future outlooks.” 
The author states, ‘““This volume contains a series of lectures pre- 
sented by the author at the Polytechnic Institute of Brooklyn 
during the eventful summer of 1945. ... No pretense is made 
that the subject has been given a thorough treatment which, it is 
hoped, will one day be possible.” 

This book is little in size but hefty in material. The reader 
has to keep on his “‘thinking cap,” if he hopes to digest and under- 
stand the subjects discussed therein. 

The list of chapters shows the coverage of the subject: Elec- 
tronic Structure of Unsaturated Organic Molecules, Ionic Reac- 
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tions Involving Double Bonds, Free Radical Reactions’ Involving 
Double Bonds, Free Radical Addition Polymerization, Copoly- 
merization, Emulsion and Suspension Polymerization, and Polar 
Polymerization. 

The author discusses these subjects very directly and is not 
afraid to state both sides of an argument. ‘An alternative ex- 
planation is possible” is given or implied many times. When 
good evidence is available, he uses it to advantage. Some mathe- 
matical formulas are used here and there but not enough to scare 
away the nonmathematical reader. There are many figures 
and tables and a great many structural formulas and equations. 

As one reads this book he finds so many different angles and 
viewpoints discussed that he is likely to become somewhat con- 
fused, but upon finishing it he will surely feel not only that much 
fine work is being done but also that-a grand order is coming out 
of the present apparent chaos. 

HARRY L. FISHER 


U. S. Inpusrriat CHemicat.s, Inc. 
Stamrorp, CONNECTICUT 


® MESON THEORY OF NUCLEAR FORCES 


Wolfgang Pauli, The Institute for Advanced Study, Princeton, 
and The Federal Polytechnicum, Zurich. Interscience Publishers, 
Inc., New York, 1946. vii + 69. pp. 1 fig. 14 X 20.5 er, 
$2.00. 


THIs BOOK is written for the specialist in the theory of nuclear 
forces. It is a mathematical formulation of the various partially 
successful attempts at obtaining an adequate theory of the forces 
and mechanics of nuclear particles. It is shown that it is best at 
present to sacrifice relativistic invariance and deal with nucleons 
of finite size. Experiments on neutron-proton scattering are 
much needed as is information as to whether or not stable isobars 
exist. This book is not a suitable beginners’ manual on nuclear 
theory but is excellent for the reader who comes properly pre- 
pared. 

HENRY EYRING 


University or UTAH 
Sart Lake Ciry, Utan 





CHEMISTRY AT THE ORANGE SHOW 
(Continued from page 458) 


Juice and pulp were burred out with a mechanical 
juicer and the volume of juice and percentage of juice 
in the fruit were determined. A Brix hydrometer was 
employed to determine approximate sugar content. 

The juice was filtered through cheesecloth. A 
10-ml. portion was titrated with 0.1 N HCl and NaOH 
solutions and acidity reported as percentage of citric 
acid. 

A 20-ml. portion of juice was titrated with standard 
0.01 N iodine and thiosulfate solutions to determine 
the weight of ascorbic acid (vitamin C) in 1 ml. of 
juice. This method has been described by Stevens.! 
The iodine and thiosulfate solutions must be freshly 
prepared from standard 0.1 N solutions. Four ml. 
of 12 N sulfuric acid and starch is added to the 20-ml. 
juice sample and the iodine run in until the end point 


1 Stevens, J. W., Ind. Eng. Chem., Anal. Ed., 10, 269 (1938). 





is passed by 2 to 3 ml. After one minute a back 
titration is made to the end point (milliequivalent 
weight of ascorbic acid = 0.088). : 

Analyses are included in the following table: 


Oranges Lemons — Grapefruit 


Density of fruit 0.85- 0.95 
Per cent juice by volume 0.39- 0.54 
° Brix (corrected) 9.3 -12.8 
Per cent citric acidin juice 0.8 - 1. 
Mg. ascorbic acid/ml. juice 0.64- 0. 


Participation by students in affairs of community 
interest promotes a friendly attitude toward the 
schools on the part of the public. For most of the 
students it was their first opportunity to actually apply 
their knowledge of chemistry. ‘A good time was 
had by all’ with plenty of orange juice to drink. 
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, CHART OF THE ATOMS 
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@ Completely Up-to-date 
e@ 1947 Atomic Weights 
* Lithesranhad’ in Six Colors 


This 1947 gy represents the second extensive 
revision by Dr. W. F. Meggers, Chief of the Spec- 
troscopy Division, National Bureau of Standards. 
Every bit of information on the chart is brought up- 


to-date. 

The chart is lithographed in six colors and all routine 
information is printed in large type so as to stand out 
distinctly. The atomic number is red; the atomic 
weight is black; and other color differentiations make 
the meaning of ‘the symbols clear. 

With the chart is supplied a 48-page booklet giving a 
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@ Four Tables and Five 
Graphs Crowded with New Data 


brief but detailed discussion of the characteristics of 
the atom represented on-the chart, together with four 
tables containing, in addition to ‘the information on 
the face of the . the following: Strongest spectral 
line; K-limit (eV );" discoverer of each element and 
date; atomic abundance; closest approach of atoms 
(kX); latent heat of fusion; thermal vevigagee sites de 
electrical resistance; relative abundance; packing 
fraction; mass effect (MeV); mechanical momerft; 
magnetic moment; quadruple moment; total cross- 
section for slow neutrons. 
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Wrirs rus issue we begin a series of articles which 
has been planned for some time, “Chemical Education 
in American Institutions.” This series will’ run for 
several months and each issye will contain an account 
of the problems and philosophy of chemical education 
at some college or university in this country. It is 
hoped that each of these will give the reader the “feel” 
of the institution. We are all of us vaguely aware, no 
doubt, that others have the same general problems 
that we have; we will all benefit by an exchange of 
ideas on the solution of them. Students in colleges 
will have their horizons enlarged by learning “how they 
do it’’ at other places. And younger students, looking 
forward to college, should know how the various insti- 
tutions differ, in order to prepare them for their own 
later experience. Such information as this cannot 
be had from the periodic reports of the American 
Chemical Society’s Committee on Professional Train- 
ing. 

We make no apology for the list of institutions in- 
vited to take part in this series. We made no effort 
to pick what we might regard as the best, although we 
tried to make sure that those included were some of 
the best. At any rate, we think we have compiled a 
representative list. If there is some important type 
of feature which seems to have been overlooked 











we should be glad to know about it. We hope that 
by the time this series is finished we will have pre- 
sented a comprehensive picture of American practices 
and policies in chemical education. 


Scarcery was the August issue off the press than 


puzzled letters began to come in. Since when had 
Vienna been included within the boundaries of Aus- 
tralia, asked one correspondent, who admitted that 
the many shifts of national borders had made it rather 
hard for him to keep up with modern geography. 
Australians began to wonder where they had been 
hiding the “Bildarchiv of the National Library.” 
Unfortunately, printer, proofreader, and editor had 
all failed to distinguish between Australia and Austria, 
in such a prominent place as the caption of the frontis- 
piece. It was just “one of those things.”’ Excuse it, 
please! 

Anp while we are talking about errors, we regret 
that it was not made clear that the lengthy quotation 
in the September ‘“‘Editor’s Outlook” was reprinted 
by permission from “German Research in World War 
II” by Colonel Leslie Simon, published by John Wiley 
& Sons, Inc. 











Chemical Education at American Institutions 








®@ PRINCETON 
UNIVERSITY 


Frick Chemical Laboratory 


Over a fireplace in the library of the Frick Chemical 
Laboratory at Princeton is inscribed in stone a famous 
line from Lucretius much loved by the great Swedish 
chemist Arrhenius: Felix qui potuit rerum cognoscere 
causas. This happiness in learning the causes of things 
has been woven into the fabric of chemical education at 
Princeton during 150 years. The young Scotch chemist 
John Maclean, brought to Princeton from Scotland in 
1795, established the first laboratory courses in chem- 
istry in the colleges of this country. He was an early 
exponent of the new doctrines of Lavoisier and dis- 
puted successfully with Priestley concerning the errors 
of phlogiston. The tradition has continued unchanged 
through the years, and recent Princeton students have 
recognized the complete validity of the aphorism as they 
shared with Henry Eyring the joys of learning and dis- 
covery. 

Maclean, advising a former president of Princeton 
as to the teaching of his science, was of the opinion that 
“it is impossible to acquire even a slight knowlege of 
chemistry without either making experiments or seeing 
them performed, and that to become proficient in the 
science it will require much practice as well as extensive 
reading.” The influence of Maclean in the early days 
of science in Princeton continues as an inspiration to 
those who now follow him in the tasks of teaching and 
seeking in chemistry. 

During the last 50 years, since Woodrow Wilson’s 
famous sesquicentennial address in 1896, a series of 


‘and productive. 


HUGH S. TAYLOR 


Princeton University, 
Princeton, 
New Jersey 


profound educational changes have been achieved in 
instruction at Princeton. These, in their turn, have 
influenced the program of chemical education in the 
University. In the Princeton setting a university 
has been established which can be differentiated from 
many others in the land. Princeton has become a 
residential undergraduate college and a _ graduate 
institution dominated by a residential graduate college. 
There has been an emphasis on quality with a firm 
restriction on quantity. Out of Wilson’s concept of the 
preceptorial system there has emerged an intimate 
relation between teacher and learner, at once natural 
On a broad program of underclass 
instruction there has developed an upperclass program 
with fewer formal courses, more independent work by 
the student, and a close personal contact between the 
student and the supervisor of the independent study 
and of the senior thesis that emerges therefrom. Per- 
haps nowhere else in the country can one find so large 
a measure of personalized education. What such 
principles imply in the special area of chemical educa- 
tion is here our principal concern. 


UNDERGRADUATE DIVISION 


The pattern of instruction at the freshman level 
is at once both familiar and different. The students 
themselves have, already before entrance, been screened 
as to quality and thus constitute a more homogeneous 
group than normally obtained elsewhere. Two large 
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courses in chemistry cater, 
respectively, to those who 
have had no previous high- 
school or preparatory- 
school training in this 
science and to those who 
shave had at least one year, 
sometimes more prepara- 
tion in the subject. A dis- 
tinguishing feature of the 
freshman curriculum at 
Princeton is a third course 
offered to a selected group 
of 20 to 25 students who, 
by reason of the high 
standard of achievement 
displayed in their entrance 
records, can, with advan- 
tage, be segregated from 
the larger group and be 
offered a maturer presenta- 
tion of general chemistry. 
This specialized training is 
expensive in time and in- 
structional effort. From 
the first of such groups in freshman chemistry, now 
some 20 years ago, there can be named several present 
leaders in their age group in the profession. All 
students in the restricted small group and students of 
high standing in the larger groups automatically 
satisfy the requirements of the curriculum in qualita- 
tive analysis in these freshman courses. A sopho- 
more course in qualitative analysis has had, there- 
fore, only a restricted clientele. ._In normal years 
a freshman class at Princeton will comprise some 
650 students. Two-thirds of these will usually take 
freshman chemistry, although there has not been for 
many years any chemistry requirement in the curricu- 
lum. The sophomore course in qualitative analysis 
has hitherto been offered to from 30 to 50 students. 

The plan of study for departmental students suggests 
that, in addition to the entrance requirement to the 
department through qualitative analysis, a student 
should have taken two terms (one year) of college 
physics and two terms of calculus. The department 
also suggests for its prospective students the desir- 
ability of a reading knowlege of both French and Ger- 
man, a second laboratory science in addition to college 
physics, acquaintance with the principles of philosophy 
and logic, and training, if necessary, in English com- 
position. It is assumed that, on a base of such breadth, 
a surer structure of proficiency in chemistry can be 
developed. 

A major fraction of the students entering the depart- 
ment for the upperclass program of study is drawn from 
students who entered college with some instruction in 
the subject. These are in general prepared to embark 
on the upperclass program already in the sophomore 
year. The requirement for departmental students 
involves six “designated” term courses—two in quan- 
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titative analysis, two in organic, and two in physical 
chemistry, one year’s course of training in each. There 
is a requirement of eight term courses in all, but the 
two nondesignated term courses may be either courses 
within the department, such as one year of advanced in- 
organic, organic, or physical chemistry or of quan- 
titative analysis, or they may be two terms of “cog- 
nate” upperclass courses. In the upperclass years the 
university requirement is limited to four courses per 
term in each of the two years (new regulations for 
1947-48 reduce the course requirement for senior year 
to three courses per term). The equivalent of the 
normal fifth course of study is expected of the student 
as independent study conducted under the supervision 
of an adviser generally chosen by the student from 
among the faculty personnel and determined by the 
objectives of the student’s own interests in such in- 
dependent study. In 1947-48 a still greater allocation 
of time to independent study for seniors is involved. 
The Princeton program of instruction in the ad- 
vanced subjects of study is fashioned on a fundamental 
postulate, namely, that the introductory year courses 
in quantitiative analysis, organic and physical chem- 
istry shall be the same for all types of student, whether 
for professional chemists, chemical engineers, pre- 
medical students, biologists, or physicists. The courses 
are basic. They are not tailored to meet the supposed 
needs of the chemical engineer, the electrical engineer, 
or the medical student. All alike receive the same 
basic course. There is naturally some grumbling, some 
complaint concerning material not deemed pertinent to 
specialized objectives. But, in many cases, years 
later, engineers, doctors, biologists have returned to 
offer thanks for a Spartan discipline sustained and now 
esteemed. For the University, this has meant a 
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considerable economy in instructional expense. It is 
undoubtedly made possible in part by the restriction 
on quantity which characterizes the over-all university 
effort. But experience has shown that students other 
than the professionally oriented chemists can ‘‘take’’ 
such basic rigorous courses and do not need to be 
“accommodated” with diluted courses carrying such 
labels as ‘physical chemistry for engineers,’’ “organic 
chemistry for medical students,’’ and other such mani- 
festations of weak educational policies. The texts 
employed bear witness to the high standards involved. 
The work required demands substantial increments of 
knowledge beyond those acquired diffusely over the 
whole area in modern presentations of ‘general’ 
chemistry; it demands a year of steady advance in 
breadth and depth of knowledge in each of the three 
fields. 

The courses exact high standards of instructional 
effort on the part of the professors, but the reward 
comes in the maturity of scholarship that a student 
thus brings to the advanced courses in each of these 
fields. In one of these the undergraduate will nor- 
mally display qualities of proficiency in his senior 
year comparable with those of a good graduate student. 
In organic chemistry he will pursue a term’s course in 
the identification of organic compounds, a term’s 
course in stereochemistry, tautomerism, condensations, 
purines, sterols, amino acids, and proteins. In physi- 
cal chemistry there will be a rigorous course in chem- 
ical thermodynamics followed by an equally exacting 
course in chemical kinetics. There are no special term 
courses devoted to minor fractions of the subject. In 
all, 11 basic year courses comprise the total offering of 
the department from freshman through senior year, 
including that for selected freshmen previously noted. 
As to the wisdom of its technique, the department is 
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willing to be judged by the 
quality of its product. 

It is in the pursuit of in- 
dependent study that the 
undergraduate ‘best dis- 
plays a growing measure of 
maturity. Here the student , 
sets his own course, makes 
his own plans dictated by 
his personal interests or 
curiosity, formulates _ his 
own curriculum rather than 
one prescribed or demanded 
by the faculty. The under- 
graduate enters into a per- 
sonal relation with a pro- 
fessor of his own choice; 
together they go on a joint 
excursion into a new enter- 
prise. The discipline is a 
looseone. Thestudent can 
see his supervisor as often 
or as seldom as he may 
choose. The worth of his 

achievement is measured at the end of the junior and of 
the senior year by a thesis which records the year’s ad- 
venture. The junior thesis is normally a literary 
effort, a record of the student’s gain in knowlege in a 
particular area—hormones, crystalline enzymes, high 
polymers, viscosity, catalysis, analytical tools. In the 
senior year the topic may be expanded or changed. It 
may progress from a literary effort to an experimental 
thesis. New contributions to knowledge bring as a 
special reward election to associate membership in 
Sigma Xi toward the close of the senior year. The 
quality of senior theses is in many cases surprisingly 
high. One such thesis became the Franklin Medal 
Lecture of the American Philosophical Society by one 
of the professors—the topic, ‘Large Molecules through 
Atomic Spectacles,” with models and Kodachrome 
photographs of organic molecules, natural and synthetic 
fibers. A group of student theses on the analyses of 
ancient coinages became the backbone of a prize mono- 
graph on economic and social history of ancient Greece. 
One definitely average student found a focus of interest 
in blood groupings, obtained a summer job as technician 
in a University Hospital on display of his junior thesis. 
A lazy student who had neglected opportunities during 
junior year elected as a penalty to spend six weeks in the 
laboratory during the summer between junior and 
senior years and became, as his parent subsequently 
remarked, transformed into a “graduate student” with 
a substantial exploration of the Fischer-Tropsch syn- 
thesis of hydrocarbons from hydrogen-carbon monoxide 
mixtures. The Department of Chemistry would not 
consider a return to a curriculum which eliminated 
‘Gndependent study.” 

In the coming year the department must meet a 
university demand for further broadening of the in- 
struction at the freshman level by which every entering 
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student will take, among others, at least one ‘“dis- 
tribution course” in an experimental science. The 
department will offer Chemistry I, II, a course of 
three lectures per week, with one afternoon of labora- 
tory work, “concerning the nature of matter; a study 
of those hypotheses, observations, and interpretations 
which led to concepts of elements, atoms, molecules, 
and ions; concerning, also, the chemical reactions of 
matter and how the chemist has interpreted and learned 
to control these reactions.’”’ This will be no freshman 
chemistry course. Its success will not be measured by 
the number of basic chemical facts which a student 
will learn. On the contrary it does aim to inform him 
what are the methods of science as illustrated by a 
restricted but carefully selected group of chemical 
topics. 


GRADUATE STUDY 


The graduate students in Princeton are also a highly 
selected group of men within an over-all quota of grad- 
uate students in the University and not exceeding, in 
prewar years, from 25 to 30 chemists. Within this 
restriction as to numbers the departmental faculty 
must contrive to make its contribution to the progress 
of chemical science and must do so, therefore, in the 
quality of the work produced rather than in quantity 
and volume. It must, if it is to compete effectively 


with the larger institutions, contrive that its average 
graduate students compare effectively with the better 


students in the larger centers. Much will depend on 
the effectiveness of its selection process from among 
the applicants for admission. With a graduate student 
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body of the size indicated it is apparent that from eight 
to ten men will, on the average, attain their doctorate 
in a given year; hence, each year, there will be vacan- 
cies of this order, and those selected must be chosen 
from some 100 applicants in normal times. The inten- 
sity of the selection process somewhat simplifies the 
choice. Graduation with a Bachelor’s degree and: 
honors standing in a chemistry department of known 
high quality is an essential preliminary. Some can- 
didates have already secured a Master’s degree in 
their undergraduate institutions. The difficult prob- 
lem in selection is the student with an outstanding 
record in one of the minor colleges. In this case, it 
must be confessed, the pattern of future selection from 
such a college is often determined by the quality of 
the student first received. In every such case a second 
choice, at a later date, is described in terms of the first 
man chosen. The selection process is a vital factor 
in the success of the department. A poor choice in- 
volves a larger fraction of the total effort than in the 
large institution. The department has never adopted 
the practice of admitting larger groups of first-year 
students and curtailing numbers after one year of 
trial. It has attempted to make its first choice its 
final choice. This practically implies that a recom- 
mendation for admission is a certificate that the at- 
tainment of the Ph.D. is a highly probable event. Sta- 
tistics reveal that this is true. 

The pattern of graduate instruction is a projection of 
the upperclass program of undergraduate work into the 
more advanced phases of the science. There are basic 
graduate courses in physical, analytical, inorganic and 

; organic chemistry, a full 
schedule of courses for a 
first year of graduate work. 
In the second year the num- 
ber of courses pursued di- 
minishes and the research 
program is __initiated. 
Toward the close of the 
second year of graduate 
study, either in February or 
in May, the candidate 
normally presents himself 
for the General Examina- 
tion which is at once the 
qualifying examination for 
an A.M. degree and for 
candidacy for the Ph.D. de- 
gree. The examination isa 
comprehensive examination 
in the four fields of chem- 
istry, one of them a special 
examination in the field in 
which the candidate will 
subsequently. specialize, the 
other three at a more 
moderate level of attain- 
ment. The _ successful 
candidate must attain a 
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passing standard in the field of his choice and must 
also attain a passing standard in the average of the 
other three. Excellence in one or other of the two is a 
prerequisite for election to the advanced fellowships 
in the department. Most graduate students on first 
admission act as assistants in instruction during the 
first year. In the second and third years an increasing 
proportion are free from teaching assignments. 

Classes with ten or a dozen students permit a person- 
alized educational effort and a Jarge measure of contact 
between professor and student. The high level of 
ability on the part of the average student permits the 
professor a higher standard of instruction and a faster 
pace. In the research laboratory the economy of 
numbers permits a liberality in the matter of equipment 
and facilities. Where few research projects are pos- 
sible, there is an urgent pressure to arrange that every 
research project is significant, a great advantage to the 
young student. He senses his central position in the 
effort of discovery, is free entirely of the impression that 
he is but a minor unit in an over-all team effort. It is a 
matter of observation through the years that the per- 
formance of a student, given an initial sound basic 
training, is oftentimes a function of the quality of the 
problem to which the student was assigned. 

Twenty years ago the science departments in Prince- 
ton, analyzing the problem of increasing effectiveness 
of effort in the realm of scientific research, concluded 


that a moderate expansion at the post-doctorate level 
would be preferable to a larger expansion at the gradu- 


ate student level. The provision of post-doctoral 
fellowships by the various foundations helped to con- 
firm this decision. Up to war years, the research 
effort in Princeton has been markedly influenced by the 
contributions of visiting scientists who wished for ad- 
ditional experience beyond the doctorate level. Na- 
tional Research Council fellows, visiting fellows on the 
Rockefeller and Commonwealth Foundations, Scan- 
dinavian-American and Belgian-American Foundations 
as well as post-doctoral research associates that local 
funds permitted, have ensured a steady output of 
research at a much higher level of attainment than is 
possible from graduate students in candidacy for the 
Doctor’s degree. Within these years students from 
Scandinavia, Germany, Belgium, England, Australia, 
Canada, and Japan have enriched the research and in- 
creased the scientific output of the department. Their 
contributions are an imporant fraction of the total 
scientific effort. They have a further factor of ad- 
vantage. It seems certain that the higher level of 
research which they achieve increases the standard of 
research output by the graduate student. . Through 
the years there have been from five to ten such post- 
doctoral collaborators in the laboratory each year, 
contributing probably one-third of the total research 
output. The University has always collaborated in 
this post-doctoral research by providing all the facilities 
required without charge for fees and expenses save in 
the case of those fellows from foundations which insist 
on including such contributions in their gift. 
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The final year and a half of a normal three-year 
curriculum for the Ph.D. degree is practically ex- 
clusively occupied in experimental research and prepa- 
ration of the thesis. Formal course instruction is 
largely at an end. In its place, weekly or semiweekly 
seminars, covering all branches of chemistry, bio- 
chemistry, and astronomical, mathematical, and physi- 
cal-research, are brought to the student’s attention by 
fellow students, members of the university faculty, 
scientists in the neighboring laboratories, and visitors 
from near and far. Such seminars, vigorously led by 
those of the faculty most intensely involved in the 
research effort, have a stimulating and broadening 
influence on the maturing student. Here he is in- 
troduced to horizons of science far beyond his own 
specialized objectives. The level of excellence attained 
in the seminar, where attendance is entirely voluntary, 
has been found to be a good measure of the vitality of 
the department. 

The regulations for the Ph.D. degree in chemistry 
at Princeton react definitely in favor of participation by 
the students in the seminars. The old regulations for 
the final public oral examination required principally a 
defense of the thesis and an oral reéxamination of the 
student’s general knowlege of the subject. Following 
a procedure borrowed from the California Institute of 
Technology, the final examination now takes a dif- 
ferent course. After acceptance of his thesis, the 
student is required to submit a group of ten or twelve 
propositions which may serve to indicate to the ex- 
aminers areas of research in which the student proposes, 
given the opportunity, to conduct investigations. 
The majority of these propositions are to be in areas of 
the science outside of that in which the student’s 
research has been conducted. This requirement com- 
pels a catholicity of interest in current research on the 
part of the student. He knows of this requirement 
soon after he enters the department for graduate work. 
It colors all of his reading and interest in current scien- 
tific literature. It has been found to induce in the 
student a more critical analysis of what he reads. Any 
deficiency of knowledge or of argument which a current 
publication may reveal is “grist for the mill’ at the 
oral examination. In compiling his propositions, also, 
the student writes his own specification of his research 
ability. A perusal of the propositions by the examiners 
serves to define immediately the quality of the can- 
didate’s mind, even .before the oral examination takes 
place. It can easily be used to postpone the final 
examination of an obviously weak candidate since the 
examiners can decide, before examination, that the 
propositions do not meet the necessary standards.. 
Years ago the final oral examination was generally a 
dull, humdrum, occasionally painful affair. For 
several years now the oral examination in which the 
propositions are expounded or defended against fac- 
ulty criticism can be a stimulating experience to the 
faculty member. The Department of Chemistry at 
Princeton will not readily return to its old method of 
conducting the final stage of the journey to the Ph. D. 





OCTOBER, 1947 


A relatively small graduate department, such as that 
at Princeton, cannot offer the diversity of experience in 
one laboratory that can be secured in the larger insti- 
tutions, state or private. Care to secure some measure 
of balance between the several branches of the science is 
imperative. Nevertheless, what is really involved is a 
training in the methods and techniques of scholarship 
and research, and these can be learned in any particular 
area and are applicable to all. It is seldom that a 
famous scientist becomes famous in the actual domain 
in which he did his graduate work. Breadth of knowl- 
edge in the domain and an acute sense of the methods, 
techniques, and limitations of experimental research 
can serve the student well in any later problems. At 
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Princeton any restriction due to size is mitigated by the 
wealth of near neighbors that we possess. The Rocke- 
feller Institute, the Institute for Advanced Study, the 
Textile Research Institute, and last, but not least, the 
research laboratories of the Radio Corporation of 
America provide the student with opportunities beyond 
those that the University could possibly provide. In 
the residential Graduate College, under the shadow of 
the Cleveland Tower, in a setting of surpassing love- 
liness, the University does provide an environment 
where the chemist can mingle with 200 other graduate 
students, of many different interests in all the realms 
of learning, can learn from them, and with them, the 
essential unity of knowledge and of truth. 


THE IMPORTANCE OF THE NORMALITY BASIS 
AND EQUIVALENTS IN THE TEACHING OF VOLU- 
METRIC ANALYSIS 


Experience witn students in the laboratory of 
quantitative chemical analysis leads to the observation 
that unacceptable results are frequently due to poor 
calculation. At the end of the class work in volu- 
metric analysis failure is often largely attributable 
to the fact that the student does not sufficiently under- 
stand the use of chemical equivalents. As a conse- 
quence the question is sometimes raised why the 
student of volumetric analysis should be burdened with 
the necessity of learning the use of equivalents and the 
normality basis when his stoichiometric analytical 
problems can be solved by another method. Never- 
theless most teachers of analytical chemistry would 
insist that the use of equivalents and the normality 
basis is a simple, convenient, rapid, and reliable method 
which cannot be discarded without detriment to the 
student. 

The three general methods for calculating the weight 
of a constituent determined volumetrically may be 
briefly listed as follows: (1) the titer method, ml. X 
titer X gravimetric factor; (2) the molarity method, 
ml. X molarity X volumetric conversion factor X 
millimolecular or milliatomic weight of the substance 
determined or multiple of the latter; (3) the normality 
method, ml. X normality X milliequivalent weight of 
the substance determined. In each case ml. equals 
the observed volume of standard titrating solution in 
milliliters; 7. e., it is desired to calculate by each of 
the three methods mentioned the weight of anhydrous 
ferric sulfate, Fe2(SO,)s, that after reduction would 
require for titration 50.00 ml. of standard permanganate 
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which has at the same time an iron titer of 0.0061435 g. 
of Fe per ml., a molarity of 0.02200, and a normality 
of 0.1100. The same weight of ferric sulfate will be 
obtained in each case by following the methods pre- 
viously outlined: 


(1) 50.00 X 0.0061435 x 399.88/111.70 = 1.0997 g. Fe2(SO,)s 
(2) 50.00 x 0.02200 x 5/2 X 0.39988 = 1.0997 g. Fe2(SOx.)3 
(3) 50.00 X 0.1100 X 0.19994 = 1.0997 g. Fe2(SO,)s 


Any one of the three methods may be used generally 
so that no one of the methods should be regarded as 
absolutely essential. In all three cases the per cent 
is calculated by dividing the weight of the constituent 
by the weight of the sample and multiplying by 100. 
Much can be said in favor of the titer method (1). 
When the analytical chemist is performing many volu- 
metric determinations of the same constituent it is 
convenient to express the strength of the standard 
solution in grams of the constituent being determined 
per ml. of the standard solution. This practice be- 
comes still more convenient if it is possible to use as 
primary standard a highly purified form of the same 
substance, as for example in the determination of 
arsenic trioxide with standard iodine. When, however, 
it is desired to use the same standard solution for the 
determination of many different constituents or make 
use of a primary standard altogether different from the 
constituent determined, the necessity of using gram 
molecular proportions or gravimetric factors to cal- 
culate the various titers makes this method less con- 
venient. For such general purposes the facility of cal- 
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culation is improved somewhat by expressing the titer 
of the standard solution in grams of replaceable or 
available hydrogen per ml., but even so the multiplica- 
tion of the number of ml. by a titer and by a gravi- 
metric conversion factor is not actually as simple as 
the multiplication of the number of ml. by the nor- 
mality and by the milliequivalent. The principal 
difference is that the gravimetric conversion factor 
must be calculated by division of molecular weights 
or obtained from an elaborate table which is not always 
available, does not always contain the desired value, 
is difficult to keep up to date, and is seldom free from 
error. The milliequivalent, on the other hand, is a 
simple fraction or multiple of the atomic or molecular 
weight of the constituent, easily calculated from the 
latest table of atomic weights.. A reliable table of 
molecular weights if used is much easier to prepare 
and maintain than a reliable table of gravimetric 
conversion factors. While solutions of the same titer 
of the same constituent react or correspond volume 
for volume, it is not immediately obvious in what 
ratio by volume two standard solutions will react or 
correspond when their titers are expressed in terms of 
different substances. The student will doubtless find 
the titer method easier to understand, particularly if 
he has studied gravimetric analysis before learning 
volumetric analysis, but this ease of comprehension 
is not a real advantage if it merely constitutes a pleas- 
ant escape from the need of learning about equivalents 
and the normality basis. The statement of the con- 
centration of a standard solution in per cent of the 
constituent determined per ml. and the resulting 
abbreviation of calculation may be considered as a 
useful corollary of the titer method. 

Computations on the molar basis present advantages 
comparable in several respects with those listed later 
for the normality basis. From the standpoint of the 
physical chemist the expression of concentration on 
the molar basis brings out many important relation- 
ships (2). The outstanding advantage from the stand- 
point of the analytical chemist is the complete avoid- 
ance of the ambiguity which is sometimes encountered 
on the normality basis when the same substance has 
more than one equivalent. By the use of a simple 
fraction or whole number, which we shall call the 
volumetric conversion factor and which equals the 
ratio of the corresponding coefficients in the equation 
involved, a given volume of standard solution is con- 
verted to the exact volume of a solution of the same 
molarity which has or may be considered to have as 
its essential constituent the substance determined. Or 
perhaps it is preferred to consider that the volume does 
not change, and by use of the same volumetric con- 
version factor mentioned above, it is easily possible 
to calculate what ‘the molarity of a solution of the 
desired constituent must be in order to react or corre- 
spond volume for volume. Multiplying the number of 
milliliters of standard solution in either case by the 
factor for converting to strictly molar solution and by 
the volumetric conversion factor, then by the milli- 
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molecular weight or milliatomic weight of the sub- 
stance determined or proper multiple of the latter, the 
weight of the desired constituent and eventually the 
per cent may be easily calculated. While this method 
does not match the facility of working on the normality 
basis it is nevertheless an improvement. 

Calculations on the normality basis rest upon the 
premise that if the equivalent is suitably defined 
according to the class of volumetric reactions and in 
terms of a fraction or multiple of the atomic or molec- 
ular weight (5) and a normal solution is also defined 
as one which contains the equivalent in grams of the 
active reagent per liter of solution, then solutions which 
have the same normality will in general react volume 
for volume. The advantages of the normality basis 
may be stated as follows: 

(1) The normality method of expressing the 
strength of a solution has a more nearly general signifi- 
cance for analytical purposes than any other method 
of expressing concentration. For example, one ml. of 
1.0 N KMnQ, corresponds to the milliequivalent in 
grams of each of a long list of other oxidizing and re- 
ducing agents. By no other method can this general 
relationship be expressed as simply. 

(2) The extreme facility with which one can pass 
from milliliters of standard solution used to milliliters 
of another solution of the same normality or to milli- 
equivalents of constituent or other substance charac- 
terizes only the calculations made on the normality 
basis. Even when the normalities are not the same 
and the solutions, therefore, do not react or correspond 
volume for volume there is still the simple inverse 
relation between volumes and normalities. 

(3) Standard solutions of approximately 0.1 N 
concentration are especially well suited for most volu- 
metric analyses. No equally reliable generalization 
can be stated as simply on any other basis. By prepar- 
ing solutions of approximately the same normality 
when it is intended that they be used together, more 
accurate work is possible since the burets can be used 
more efficiently. 

(4) In solving stoichiometric problems on the 
normality basis, the use of a proportion is unnecessary. 
This shortens materially the calculating necessary and 
often makes possible easy mental operations. 

(5) In remaining on the normality basis and on the 
equivalent basis, one has the advantage of dealing with 
more nearly fundamental units, such as the amounts 
that correspond to one gram atom of available hydro- 
gen or a positive valence of one or one electron or one 
Faraday. The quantitative concept of equivalent ante- 
dates the quantitative concept of the atom or the 
molecule (3) and forms a natural logical basis. 

(6) The superior flexibility and adaptability of the 
normality method is nowhere more evident than in 
those volumetric determinations in which it is neces- 
sary to make allowance for change of equivalent (4). 
In this connection the principle that the normality 
varies inversely with the equivalent expressed as a 
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fraction or multiple of the molecular weight greatly 
simplifies the calculation. 

(7) The use of equivalents provides a ready method 
of deciding the ratio by weight in which substances 
react chemically without the need usually of writing 
the chemical equation involved. 

(8) By making himself familiar with the normality 
basis the student will be.able to interpret correctly 
many original papers of leading analytical chemists 
who use this terminology. 

The difficulties encountered by students in selecting 
the correct equivalent may be overcome by practice 
in the solution of problems of the following principal 
types: (1) Writing balanced equations for typical 
actual or hypothetical reactions of each of the three 
classes of volumetric reactions, naming the class of 
reaction in each case, showing the number of electrons 
transferred or the change in oxidation number if any, 
and expressing the equivalent of the substance as a 
fraction or multiple of the mol of that substance (4). 
(2) Calculation of the normality of many different 
standard solutions determined by various methods, 
such as (a) gravimetrically, (b) by volumetric refer- 
ence to a primary standard, (c) by comparison volu- 
metrically with another standard solution. (3) Cal- 
culation of the weight and per cent of individual sub- 
stances determined by a variety of volumetric methods 
of all three classes on the normality basis. (4) Cal- 


culation of the weight and per cent of two or more 


substances in a mixture analyzed volumetrically on 
the normality basis by direct or indirect methods that 
involve a change of equivalent. (5) Calculation on 
the equivalent basis of the absolute per cent error 
involved in volumetric methods by the unobserved 
presence of given amounts of foreign substances that 
are titrated simultaneously. (6) Calculation of the 
value of subscript x in the empirical formula of various 
compounds on the equivalent basis, given the volume 
of normal titrating solution required to react with a 
given weight after previous preparatory reaction if 
necessary. Specific illustrations of these and other 
problems may be found in leading modern texts of 
quantitative analysis. 

In order to become proficient in the solution of prob- 
lems of types 1-5 inclusive, the student must bear in 
mind that the equivalent is determined ultimately by 
the reaction which takes place with the standard 
solution and that the equivalent of the substance 
determined will always be that amount which reacts 
with or corresponds to the equivalent of the active 
reagent in the standard solution with which it is 


determined. Volumetric acidimetric and alkalimetric 
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reactions give little trouble since direct reaction with 
hydrogen or hydroxyl ion is almost invariably and 
inevitably involved in the reaction with the standard 
solution. The treatment of volumetric reactions that 
involve precipitation and complex formation may be 
simplified by writing the corresponding ionic reaction, 
using only essential ions, and on the basis of this 
reaction assuming that the equivalent of the substance 
is always that amount which contains or reacts with 
one gram atom of univalent positively charged ion, 
one-half gram atom of bivalent positively charged 
ion, etc. The treatment of volumetric oxidation and 
reduction reactions cannot be as easily simplified. 
The equivalent is evidently the atomic or molecular 
weight divided by the change in oxidation number or 
by the number of electrons transferred per atom or 
per mol, but the student is often mistaken in regard 
to these figures. A check based upon the hypothetical 
reaction with available hydrogen or available oxygen 
should eliminate the difficulty, especially if the student 
remembers that the number of electrons transferred 
per mol is numerically equal to the total algebraic 
change in oxidation number per mol and that this 
figure is identical with the number of atoms of available 
hydrogen or half atoms of available oxygen involved 
per mol of the same substance in the hypothetical 
reaction. If still in doubt he has recourse to the rule 
stated at the beginning of this paragraph. Thus it 
appears that even the amateur may avoid error if he 
is careful and consistent. 

The fact that the periodicals of analytical chemistry 
and the most widely adopted modern texts in quanti- 
tative analysis largely employ the normality basis in 
volumetric work is the best indication of the general 
attitude of experienced analysts on this subject. The 
student of chemistry or chemical engineering, there- 
fore, has little choice but to learn the language of his 
profession. He does well to familiarize himself with 
all three methods of calculation in volumetric analysis 
but should certainly become as skilled as possible in 
the use of the method which is generally regarded as 
standard. ; 
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WILLIAM PROUT (1785-1850) 


Wtiam Provr was born in the small village of 
Horton in the County of Gloucestershire, England, on 
January 15, 1785. Most of his life was spent in London 
where he practiced as a physician until his death on 
April 9, 1850. Although actively engaged in the pro- 
fession of medicine, Prout yet found time to devote him- 
self to experimental researches in physiology and chem- 
istry. Among his scientific contributions may be men- 
tioned the proof that the acidity of the stomach juices 
is due to hydrochloric acid (1803) and the identification 
of uric acid in the excretion of the boa constrictor 
(1815). He also developed methods for the analysis 


of.urine and studied the combustion analysis of organic: 


compounds (1815-27). To the chemist, however, the 
aspect of Prout’s work which is of the greatest interest 
is that concerning atomic weights. This subject pre- 
sents a number of features of historical and scientific 
interest, and hence it is worthy of detailed considera- 
tion. 

In 1815 there appeared in Thomas Thomson’s 
Annals of Philosophy an anonymous paper? entitled 
“On the relation between the specific gravities of bodies 
in their gaseous state and the weights of their atoms.’’ 
In this paper there were compared the “atomic weights” 
of various elements and their compounds, derived 
mainly from measurements of combining proportions, 
and the densities, relative to that of hydrogen, of these 
same substances in the gaseous state. The author then 
points out “many striking instances of the near coinci- 
dence of theory and experiment,’’ that is to say, of the 
agreement between the weights of equal gaseous vol- 
umes and the so-called atomic weights as obtained from 
chemical experiments. A few discrepancies are ap- 
parent, but these are largely removed in a second, also 
anonymous, publication* by the same author, “Correc- 
tion of a mistake in the essay on the relation between 
the specific gravities of bodies in their gaseous state and 
the weights of their atoms.” 

In his annual review of scientific progress,’ Improve- 
ments in physical science during the year 1815, Thomas 
Thomson, the editor of the Annals of Philosophy, 
refers to the first of the foregoing publications as a 


1 Tt has been found subsequently that reptilian (and avian) 
excreta, in general, contain uric acid. 

2 Annals of Philosophy, 6, 321 (1815). 

It should be noted that although Avogadro had already 
indicated in 1811 the difference between the “atom” and the 
“molecule,” the importance of the distinction was not appre- 
ciated until many years later. The term, ‘‘atom,”’ as used in 
this paper is thus meant to apply to the smallest unit of any 
substance, element or compound. 

4 Annals of Philosophy, 7, 111 (1816). 

5 Ibid., 7, 17 (1816). 
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“very important paper,”’ antl then proceeds to remark: 


Though the paper in question is anonymous, several circum- 
stances enable me to fix with considerable certainty on the author; 
but, as he chooses to remain for the present concealed, I do not 
consider myself as at liberty to mention his name. 


However, shortly afterward, the anonymous author 
must have given permission for his identity to be re- 
vealed, for Thomson,® in ‘Some observations on rela- 
tions between specific gravity of gaseous bodies and the 
weights of their atoms” now says, “‘Dr. Prout in a very 
valuable paper....’’ This is the first, and apparently 
only, indication that William Prout was the author of 
the two anonymous papers in the Annals of Philosophy. 
The real explanation of his reluctance to reveal himself 
is not known, but a clue is perhaps to be found in the 
opening sentences of the first of these papers. . 


The ‘author of the following essay submits it to the public 
with the greatest diffidence; for though he has taken the utmost 
pains to arrive at the truth, yet he has not that confidence in 
his abilities as an experimentalist as to induce him to dictate to 
others far superior to himself in chemical acquirements and fame. 


Although Prout apparently did not realize it, the 
essential importance of his work lay in its verification of 
Avogadro’s hypothesis that equal volumes of gases, 
under identical physical conditions, contain equal num- 
bers of molecules. This fact is brought out by Thom- 
son,’ also evidently unaware of its implication, who 
states: 


Dr. Prout . . . has endeavored to show that the specific gravity 
of any (gaseous) body may be obtained by multiplying the 
weight of its atom by one-half the specific gravity of oxygen gas. 
This is the same thing as to say that the weight of an atom of 
every body is always double its specific gravity in the state of 
the gas. 

The “‘specific gravity” here refers to the density rela- 
tive to that of hydrogen, so that, in modern language, 
Prout’s contention was that the molecular weight of any 
substance is equal to twice its vapor density relative to 
hydrogen. This result follows, of course, directly from 
Avogadro’s hypothesis, provided the molecule of hy- 
drogen may be supposed to contain two atoms. 

From his own observations Thomson concluded that 
Prout’s rule applied to “the atoms of all the simple sub- 
stances—namely, chlorine, sulfur, azote, carbon, and 
hydrogen”—but he regarded oxygen as an exception. 
The reason is to be found in the fact that Thomson 
adhered to the view that the atomic weight of oxygen 
was eight. A number of other apparent exceptions, 
among compounds, were also noted, but these were like- 





6 Ibid., 7, 343 (1816). 
7 Loc. cit., ref. 6. 
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wise due to the use of erroneous “‘atomic,”’ 7. e., molecu- 
lar, weights. 

In addition to his unwitting verification of Avo- 
gadro’s hypothesis, Prout must be given credit for the 
first reliable value of the density of hydrogen. Because 
of the extreme lightness of this gas and the difficulty of 
obtaining it free from moisture, a direct measurement 
of its density could not be contemplated. Conse- 
quently, Prout says 


It occurred to me that its specific gravity might be much 
more accurately obtained by calculation from the specific gravity 
of a denser compound into which it entered in a known propor- 
tion. Ammoniacal gas appeared to be the best suited to my 
purpose as its specfic gravity has been taken with great care by 
sir H. Davy.... The specific gravity of ammonia, according 
to Sir H. Davy, is 0.590164, atmospheric air being 1.000. We 
shall consider it as 0.5902.... Now ammonia consists of three 
volumes of hydrogen and one volume of azote condensed to two 
volumes. Hence the specific gravity of hydrogen will be found 
to be 0.0694, atmospheric air being 1.0000. 


The calculation, using 0.9722 for the density of nitro- 
gen, is given in a footnote as follows: 


Then 


Let x = the specific gravity of hydrogen. 
3x2 + 0.9722 
2 


= 0.5902 


Hence, 


_ 1.1804 — 0.9722 
eee 


According to the most. recent data, the density of 
hydrogen relative to air at 0°C. and one atmosphere of 
pressure is 0.06952. 

In his first paper Prout called attention to a regu- 
larity in the atomic weights of certain elements, thus: 


= 0.0694 


All the elementary numbers, hydrogen being considered one, 
are divisible by four, except carbon, azote, and barytium, and 
these are divisible by two, appearing therefore to indicate that 
they are modified by a number higher than that of unity or 


hydrogen. 


The fact that atomic weights are multiples of two and 
four implies that they are integral, but it was not until 
his second paper, containing the corrections to his 
original work, that the idea which has become known as 
Prout’s hypothesis was developed.® 


If the views we have ventured to advance be correct, we may 
almost consider the xpwrn vn" of the ancients to be realised in 
hydrogen; an opinion, by the by, not altogether new.'"! If we 
actually consider this to be the case, and further consider the 
specific gravities of bodies in their gaseous state to represent the 
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number of volumes condensed into one; or, in other words, the 
number of the absolute weight of a single volume of the first 
matter (xpwrn %dn) which they contain, which is extremely 
probable, multiples in weight must always indicate multiples in 
volume, and vice versa; and the specific gravities, or absolute 
weights, of all bodies in a gaseous state, must be multiples of the 
specific gravity or absolute weight of the first matter (xpwrn Un) 
because all bodies in their gaseous state which unite with one 
another unite with reference to their volume. - 


In this somewhat involved argument, Prout was evi- 
dently greatly influenced by Gay-Lussac’s law of vol- 
umes, according to which gaseous substances unite in 
terms of simple integral volumes. Nevertheless, the 
essential conclusion, borne out by the data quoted in the 
two papers, is that if the atomic weight of hydrogen is 


taken as unity, the atomic weights of all elements should 


be integral. It is this contention, capable of experi- 
mental test, that led to many arguments which con- 
tinued for over 100 years before the situation was 
finally clarified by the discovery of isotopes. 

The possibility of the integral nature of atomic 
weights apparently fascinated Thomas Thomson whose 
comments on the work of Prout have already been men- 
tioned. In 1813 he remarked’? that if the weight of 
oxygen be taken as unity, “there are eight atoms of 
simple bodies whose weights are denoted by whole 
numbers; namely, oxygen, one; sulfur, two; po- 
tassium, five; arsenic, six; copper, eight; tungsten, 
eight; uranium, 12; mercury, 25.” An obvious exten- 
sion of this observation was that of integral atomic 
weights relative to hydrogen,: but because he used an 
incorrect value for density of this gas, Thomson con- 
cluded that ‘if we pitch upon hydrogen for our unit, the 
atomic weights of all the atoms will be fractional quan- 
tities, except that of phosphorus alone.” The pub- 
lication by Prout of a more accurate density of hydro- 
gen, as stated above, evidently caused Thomson to 
change his views. for in “An attempt to establish the 
first principles of chemistry by experiment’’ (London, 
1825) he adduced new data in favor of Prout’s hy- 
pothesis. 

The atomic weights recorded by Thomson differed, 
however, from those given by J. J. Berzelius (1818), 
and the latter virtually accused Thomson of adjusting 
the experimental results so as to support his precon- 
ceived ideas. ‘This investigator,’ said Berzelius,'* 
“belongs to that very small class from which science 
can derive no advantage whatever. ..and the greatest 
consideration which contemporaries can show to the 
author is to treat this work as if it had never appeared.” 





8 Loc. cit., ref. 2. 

9 Loc. cit., ref. 6. 

10 This refers to “protyle,’’ the hypothetical primordial sub- 
stance of which some Greek philosophers considered all matter 
to be ultimately composed. 

11 The reason for the qualification of this opinion as being ‘‘not 
altogether new” is by no means obvious. As far as the present 
writer is aware, no author prior to Prout had openly made the 
suggestion that hydrogen might be identified with (‘protyle.” 
The statement may perhaps indicate another aspect of Prout’s 
diffidence, but J. C. Gregory, in “‘A Short History of Atomism,”’ 
A. and C. Black Ltd., London, 1931, p. 143, expresses the opinion 


that Prout may have had in mind the views of his illustriou8 
contemporary and compatriot, Humphry Davy, who had been 
so successful in’ achieving the decomposition of several alkalies 
and alkaline earths. Davy apparently thought many of the 
so-called elements were capable of decomposition, but that 
hydrogen was a true, indestructible element and hence might 
represent the primary matter of which other ‘‘elements’”’ were 
composed. These views, although not published, may have 
been current in London scientific circles at the time (1815-16) 
Prout was writing his papers. 

12 Annals of Philosophy, 2, 114 (1818). 

13 Jahresbericht, 6, 77 (1827). 
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Because of the high reputation of Berzelius’ work and 
the confirmation by others of some of his published 
atomic weights, Prout’s hypothesis fell into disrepute 
and it was renounced by some of its former supporters. !4 

Among the atomic weights quoted by Berzelius was 
that of 12.25 for carbon, but when the careful work of 
J. B. Dumas and J. 8. Stas changed this value to 11.97, 
which is very close to an integer, interest in Prout’s idea 
was revived. Upon the termination of his experiments 
on atomic weights, Dumas" concluded “that the 
equivalents of the elements are often integral multiples 
of the equivalent weight of hydrogen taken as unity.” 
An outstanding exception to this rule was provided by 
chlorine, but since its atomic weight was close to 35.5, 
Dumas, following an earlier suggestion of T. J. Pe- 
louze,!” suggested that for certain elements “the unit 
with which they must be compared is only 0.5 of the 
equivalent of hydrogen.”’ A similar modification of 
Prout’s hypothesis was considered by J. C. Marignac'® 
who thought of it as an ideal rule, somewhat in the same 
way as Boyle’s law represents the behavior of an ideal 
gas, the deviations from which demanded careful in- 
vestigation. 

It is of interest to note in this connection that Prout 
was himself inclined in later years to accept some modi- 
fication of his original idea. In a communication to 
Charles Daubeny of Oxford, printed in the latter’s ‘‘An 
Introduction to the Atomic theory” (1831), Prout 
says: 

The original opinion to which I was led by the observation of 
others, and innumerable experiments (never published) of my 
own, was, that the combining or atomic weights of bodies bear 
certain simple relations to one another, frequently multiple, 
and consequently that many of them must necessarily be multi- 
ples of some one unit; but as the atom of hydrogen, the lowest 
body known, is frequently subdivided when in combination with 
oxygen, etc., there seems to be no reason why bodies still lower 
in the gcale than hydrogen (similarly, however, related to one 
another, as well as to those above hydrogen) may not exist, of 
which other bodies may be multiples, without being actually 
multiples of the intermediate hydrogen. 


In view of the recent developments in the field of iso- 
topes, as described below, it is to be regretted that 
Prout decided to change his mind even to this limited 
extent! 

When J. S. Stas!® commenced his classical studies of 
atomic weights in 1841, he was a definite believer in the 
Prout hypothesis, for he said: ‘Je le dis hautement, 
lorsque j’ai entepris mes recherches, j’avais une confiance 
presque absolue dans l’exactitude du principe de Prout.’’® 
Upon the completion of the work, however, Stas was 
convinced that atomic weights are not integral and he 





14 For example, Edward Turner, Phil. Trans. Roy. Soc., 123, 
523 (1833). 

1% Ann. Chem. et Phys., 3, 5 (1841). 

16 Thid., 55, 141 (1859). 

1 Actes soc. helv. sci. nat., 64 (1860). 

18 Archives (Généve), 9, 105 (1860). 

19 Bull. Acad. Roy. Belg., 211 (1860). ‘ 

2 “T state it frankly, when I undertook my researches I had 


an almost complete confidence in the correctness of Prout’s — 


hypothesis.”’ 
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declared :*! ‘‘On dott considerer le loi de Prout comme une 
pure tllusion.’’?? 

In the course of his Stas Memorial Lecture, Professor 
J. W. Mallet?* of the University of Virginia described a 
private conversation which he had with Stas in the 
latter’s home in Brussels in the summer of 1887, 
Mallet pointed out that although the atomic weights of 
many elements were not integral, there were, neverthe- 
less, numerous instances in which the values were very 
close to whole numbers, and “having urged upon him 
(Stas) the improbability of this near approach to integer 
values for so many atomic weights being due to chance 
alone,” Stas replied, ‘Jl faut croire quwil y a quelque 
chose la-dessous.’’*4 

The fact that so many accurately determined atomic 
weights approximated to whole numbers also impressed 
the Hon. R. J. Strutt (later Lord Rayleigh, 4th Baron).* 
He showed that the number of elements with atomic 
weights that were almost integral is more numerous 
than would be expected from the laws of chance. ‘The 
atomic weights tend to approximate to whole numbers 
far more closely than can reasonably be accounted for 
by any accidental coincidence,” and ‘‘the chance of any 
such coincidence being the explanation is not more than 
1 in 1000.” 

The views of Mallet and of Strutt, as just outlined, 
indicate the general opinion of scientists in the early 
years of the present century. It was felt that the 
number of elements with approximately integral atomic 


weights was larger than could be accounted for by 
chance alone, yet it was an undoubted fact that the 
atomic weights of many elements deviated considerably 
from whole numbers, e. g., chlorine 35.46, copper 63.57, 
zinc 65.38, and mercury 200.6. With the discovery of 
isotopes and the development of the mass spectrograph 
as a means for determining their masses, the explanation 


of the discrepancy became apparent. Most of the 
elements whose atomic weights are close to integral, on 
the basis of O = 16.000, consist of a single isotope, but 
the others are in general mixtures of isotopes, each of 
which has an atomic mass approximating to a whole 
number. Chlorine, for example, was found to consist 
of two isotopes, with masses of 34.989 and 36.987, re- 
spectively. Although the atomic weights of isotopes 
are not exactly integral, the difference from integers, 
throughout the whole series of isotopes is so small as to 
be remarkable. The largest discrepancy observed is 
about 0.1 atomic weight unit for the 120 isotope of tin. 

Thus the history of atomic weights has turned a full 
circle, and the principle enunciated by Prout, on the 
basis of largely inaccurate data, has received remarkable 
confirmation in an unexpected manner. Hydrogen, 
however, can no longer be exclusively identified with 
“protyle,”’ the fundamental unit of the structure of 

21 Mém. Acad. Roy. Belg., 35, 24 (1865). 

22“‘One must consider the law of Prout to be a complete 


illusion.” 
28 J. Chem. Soc., 63, 1 (1893). 
24 “Tt seems that there must be something in it.” 
% Phil. Mag., 1, 311 (1901). 
% F, W. Aston, ibid., 39, 611 (1920); 40, 628 (1920), etc. 
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sist of protons, 7. ¢., positively charged hydrogen nuclei, 
and of neutrons, which have almost the same mass but 
are uncharged. The weights of all atoms are thus ap- 
proximately integral multiples of that of hydrogen (and 
the neutron). The small deviations from exact integral 
values are of fundamental importance in connection 
with the problems of nuclear stability, but their con- 
sideration lies beyond the scope of this article. 

In discussing Prout’s hypothesis, E. von Meyer, in his 
“Geschichte der Chemie,” states that “the predilection 
shown by many chemists for this conception, which led 
to such far-reaching deductions, helped to discredit the 
whole atomic doctrine in the minds of thoughtful in- 
vestigators.”’?”? In the opinion of the present writer, 
this judgment is unduly severe. There is little, if any, 
evidence that Prout’s ideas had any retarding influence 
on the development or acceptance of the atomic con- 
cept of the structure of matter. In fact they stimu- 
lated experimental work on the determination of atomic 
weights, and some of the most accurate measurements 


7. von Meyer, “A History of Chemistry,” translated by 
G. McGowan, 2nd ed., Macmillan and Co. Ltd., London, 1898, 
p. 203. 





Ax acre that it is desirable for students to learn 
science, as far as possible, from experiment rather than 
on the authority of the teacher or the textbook. For 
teaching valence an allegedly “experimental” method 
is sometimes used: 23 mg. of sodium, 24 mg. of mag- 
nesium, and 27 mg. of aluminum are weighed out and 
introduced into three inverted tubes containing dilute 
acid; the fact that the volumes of hydrogen produced are 
in the ratios 1:2:3 shows the students that the valences 
are in these ratios. In order to do this experiment, the 
atomic weights of the three metals must be known. We 
can know the atomic weight in two ways, one of which, 
the way universally used by professional chemists in 
practice, is to look up in the book. But if we may look up 
the atomic weight, why not also the valence? The 
other way is by experiment, and if it is important to 
teach students the experimental basis of valence,.it is 
also important to teach them the experimental basis of 
atomic weights. Every method of atomic weight de- 
termination depends upon a knowledge of the equiv- 
alent weight, and when both of these are known the 
valence follows at once as a necessary implication. 
Thus this method teaches valence by means ofa fairy 
story. It makes no difference if it is only claimed that 
it demonstrates valence in a striking and memorable 


matter. The nuclei of atoms are now believed to con- 


THE FAIRY STORY OF VALENCE 





481 


in this field made during the 19th century were under- 
taken largely for the purpose of testing the hypothesis 
of integral atomic weights. In any event, the main pur- 
pose of Prout’s papers, as indicated by their titles, was 
to call attention to the relationship between “atomic 
weights” and the relative densities of gases. If the 
implications of this result had been fully appreciated, 
the important ideas, enunciated by Avogadro in 1811, 
might not have lain dormant for nearly 50 years until 
they were revived by Cannizzaro in 1858. 

In the opening paragraph of Prout’s paper,” part of 
which has been quoted earlier, he expressed his hope 
that the “importance (of the essay) will be seen, and 
that some one will undertake to examine it and thus 
verify or refute its conclusions. If these should be 
proved erroneous, still new facts may be brought to 
light or old ones better established by the investigation; 
but if they should be verified, a new and interesting 
light will be thrown upon the whole science of chem- 
istry.” Not merely were these words prophetic; 
they constitute an expression of the attitude of a true 
scientist to his work. 
























% Loc. cit., ref. 2. 
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manner. It is true that the student may be assisted, 
in memorizing valences by this method, but he obtains 
this information at the expense of confusion about the 
experimental basis of atomic weights. 

Another popular method of teaching valence is to go 
through the business of deriving formulas from analyses 
and atomic weights—skating over the implications of 
the fact that the atomic weight is sometimes not the 
same as the equivalent weight—and,then discover va- 
lence, with an air of surprise, from examination of such 
formulas as NaCl, NaBr, NaI, MgCl, MgBre, Mglo, 
etc. Asif the law of equivalent proportions, which was 
introduced in a chapter so far back that it has by now 
been forgotten, did not make this sort of regularity a 
logical necessity! This method has the extremely 
faint pedagogical merit of being true to history, for 
there was a period, in the first half of the 19th century, 
when the word “valence” was not used. We are now 
able to see that the full concept of valence could have 
been, and should have been, developed earlier; let us 
not blame the chemists of a hundred years ago, for they 
were probably no more stupid than ourselves, but let 
us not follow their mistakes in our teaching. The 
valence of an element does not require a plurality of the 
element’s compounds in order to reveal itself: we could 
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speak of the valence of an element that formed only one 
compound, and it would not be impossible for an element 
to form, say, only four compounds, with different ele- 
ments and exhibit a different valence in each. But 
this method of teaching valence is, at all events, ex- 
perimental, for a determination of an equivalent weight 
is often made by the student himself. Of the various 
experimental methods of deciding which multiple of the 
equivalent weight to take for the atomic weight, at 
least some are usually made more or less clear. 

Least experimental is the method of beginning with 
electrons. A picture may be drawn of two chlorine 
atoms uniting to form a molecule, and of a chlorine 
atom and a sodium atom forming two ions. A defi- 
nition may even be attempted, ‘The valence of an 
atom is the excess or defect of the electrons in its outer 
orbit over a stable grouping,” or similar words. Later 
on the necessity will arise for the pupil to learn and for 
the teacher to teach the whole matter all over again, 
more nearly correctly. With the other two methods, 
the definition of ‘“‘valence’’ must be greatly expanded, 
but no actual misinformation has been given, and if a 
student is not made to come to grips with some Ex- 
panding Definitions, he leaves the chemistry course 
with a very poor idea of what chemistry is actually 
like. But perhaps an even more strious objection to 
the electron method of teaching valence is its entire 
abandonment of the principle of learning from experi- 
ment. In the body of science as a whole, our belief in 


electrons rests, presumably, upon very many experi- 
ments distributed among chemistry and physics in such 
a manner that it is a well-informed scientist who can 


give a good account of them. If valence is first de- 
scribed as depending on electrons, it is only possible to 
say to the student, “‘Some of the experimental evidence 
- for this will be made clear later in the course, and other 
parts of it are taken up in advanced courses in phys- 
ics.’ This is made necessary by the inverted order, 
from theories to facts, instead of from facts to the 
theories that are supposed to account for them. 
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Learning from experiment is done, to a very slight 
extent, by experiments actually performed by the stu- 
dent himself. It is seldom possible for the student to 
do more than a few “token” experiments himself. 
Somewhat more indirect is the demonstration experi- 
ment performed by the instructor, which has, of course 
its own sphere of usefulness. Still more indirect, but 
also useful, is a clear description with diagrams if nec- 
essary, of the apparatus and a statement of the results. 
Teaching by experiment usually involves all three lev- 
els of indirection. For example, determination of 
atomic weights depends upon analyses of. compounds 
(combining ratios or elements), densities of gases or 
vapors, and in some cases specific heats. It would 
probably not be appropriate to have the student per- 
form all the necessary experiments himself, but the 
teacher can devise a combination of direct experiment, 
demonstration experiment, and description of experi- 
ment that will enable the student to understand how 
the necessary data ate obtained. 

How, then, can valence be taught experimentally? 
An excellent beginning definition of valence is “‘the 
number of hooks on an atom,” provided, of course, 
that it is made perfectly clear (1) that the language is 
purely analogical—we do not necessarily suppose 
that any part of an atom is actually hook-shaped, (2) 
that the “hooks” are such that each one of them en- 
gages with only one other “hook’’—“push-buttons” 
would be a better analogy. But by what experiments 
do we count the “hooks” onanatom? Clearly by those 
experiments which lead to a knowledge of its atomic 
weight. The teaching of valence experimentally is in 
no way different from the teaching of atomic weights 
experimentally. Once an atomic weight has been de- 
termined, a student is being misled if he is given the 
idea that any further experiment is required in order 
to arrive at the valence; all that is required further is 
some hard, clear thinking, to appreciate the signifi- 
cance of the fact that the atomic weight is a multiple of 
the equivalent weight. 


AN UNUSUAL PICTURE 


Henry Gwyn-deffreys Moseley 


IN MANY textbooks will be found a picture of H. G. J. 
Moseley, standing in a laboratory and holding a flask 
and other miscellaneous apparatus in his hands. The 
picture was reproduced in Tuts JourNaL (8, 1318). 
It has been generally assumed that this is the only pic- 
ture of Moseley in existence. However, there recently 
came into our hands the accompanying picture of him, 
which we think is somewhat more “human.” We have 
not been able to identify its original source, but the 
vital place which Moseley occupies in the development, 
of chemistry, notwithstanding his short life, makes this 
addition to our knowledge of him important. Perhaps 
someone can further identify this picture or even pro- 
duce others of this remarkable young man who sbould 
be an inspiration to others. 





INTERFERENCE FILMS ON TUNGSTEN 


Wan colored interference films may be formed on 
several metals by. electrolytic action, a device using 
tungsten, developed by the writer during an investiga- 
tion of the anodic behavior of that metal, lends itself 
particularly well to the demonstration of interference 
phenomena. 














Figure 1. Circuit’ Diagram for Colored Film Circuit. 


R, Resistance to pass about 5 amperes 

P, Projection lamp illuminating tungsten disc 
W, Tungsten disc 

C, Electrolytic cell 

S, Switch or circuit breaker 


The circuit diagram is shown in Figure 1 and requires 
no explanation, the electrolytic cell being shown in 
Figure 2. A circular tungsten plate about two and one- 
half inches in diameter forms the anode. The electrolyte 
is 0.06 N sodium hydroxide, protected from carbonation 
by a layer of mineral oil; the cathode is an iron plate a 
little smaller than the anode so that it isinvisible from the 
front. A glass fish globe serves as a container and 
possesses the advantage that, being spherical, it mag- 
nifies the apparent size of the tungsten plate when filled 
with electrolyte. 

It may be added that the back of the tungsten plate 
should be insulated by a hard rubber backing or other 
suitable means, and that the device may be operated 
either with a switch or, preferably, by an automatic 
circuit breaker with “‘on’’ and “‘off’’ periods of about 15 
seconds each. On closing the circuit a thin film of oxide 
of tungsten is produced on the anode, the color of this 
film having a most striking appearance. The film has a 
high resistance and, as the potential across the cell in- 
creases, the film becomes thinner. This change in 
thickness shows itself as a change of color, all the colors 
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of the spectrum being passed through in succession. 
When the circuit is broken, the oxide film dissolves in 
the electrolyte, the colors succeeding one another in the 
reverse order. It will be found that with an automatic 
circuit breaker of the type described, a continuous 
change of color may be obtained. When the tungsten 
surface is brightly illuminated, the device provides a 
most attractive illustration of interference phenomena. 

Should a tungsten disc of the type described not be 
available, the phenomena can of course be demonstrated 
using tungsten in another form; thus, a tungsten rod 
may be employed in a boiling tube. However, the 
arrangement first described is particularly suitable for 
display purposes. 

Three other points of interest may be mentioned in 
connection with this device. The first is that the rise of 
potential across the electrolytic cell during the brief 
period of film formation may be clearly shown by a low- 
wattage lamp; thus, if the line voltage be 110 volts and 
a 25-watt, 110-volt lamp be connected across the cell, on 
closing the circuit this lamp will gradually come up to full 
brilliance in about 15 seconds. In the same period a 
high-wattage lamp in the main circuit will pass from 
normal illumination to a dull red or even cease to glow. 

The second point to note is that, by manipulation of 
an adjustable resistance in the main circuit while the 
current passes, the film color may be brought to, and 
held at, any desired color. 

If, after formation of the film with the circuit closed, 
the tungsten anode is washed with water as it is with- 
drawn from the cell, the colored film may then be dried 
and preserved; such films are quite stable. 


v “in 


MINERAL OIL 





TUNGSTEN DISC 


0-OLN NaQH 


Figure 2. Electrolytic Cell for Colored Film Device 
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ELECTRON MICROGRAPHS AS AN AID IN 
TEACHING GRAVIMETRIC ANALYSIS 


Tue evectron microscope has revealed much new 
information along various lines of research, yet one of 
its most important contributions has been the direct 
observation of phenomena previously known only by 
indirect means. In the study of gravimetric analysis, 
students are told that certain procedures must be fol- 
lowed and that specific precautions must be taken. In 
most cases valid reasons may be given, yet direct visual 
indication of the specific requirement is often lacking. 
The reason is that various phenomena having to do 
with the formation of gravimetric precipitates take 
place upon a microscopic or submicroscopic scale. 

The electron microscope now provides a means of 
direct observation of many things previously not re- 
solvable because of their extremely small size. A 
series of electron-microscope studies of precipitates 
has been performed at the University of Illinois, and 
the first result of these investigations is a series of 
micrographs which have proved of value as a teaching 
aid in quantitative analysis. The results reported in 
this article do not in themselves reveal any new in- 
formation, but they do present direct visual observation 
of the effect of several factors on precipitate formation 
which are commonly discussed in first courses in quan- 
titative analysis. 

For all electron micrographs presented herein, the 
specimen was purified of dissolved substances by ion 
diffusion through a thin membrane to insure that the 
particles observed are truly those desired and not a 
residue formed by evaportion of the solution in which 
the desired precipitate was formed. The scale marker 
on each picture represents one micron. 

Classification of Precipi- 
tates. -All precipitates may 
be classified into the groups 
gelatinous, curdy, and crys- 
talline. The _ individual 
crystals of a crystalline pre- 
cipitate are often large 
enough to be seen with an 
optical microscope. The 
ultimate particles of a curdy 
precipitate are generally 
crystalline in nature, but 
the actual particles are more 
or less porous aggregates of 
extremely minute crystals 
rather than larger individual 
crystals. A gelatinous pre- 


Figure 1. Hydrous Fe:0:;, a agua . ° 
cipitate contains an indefi- 
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nite amount of water as an 
integral part of the solid 
particles. 

In Figures 1, 2, and 3 are 
shown electron micrographs 
of these three types of pre- 
cipitate. They are hydrous 
Fe.0;, AgCl, and BaSQu,, 
respectively. (Since speci- 
mens must be placed in- 
side a vacuum chamber for 
electron microscope observation, the hydrous FeO; 
doubtless lost some of its water before being photo- 
graphed. Various tests have indicated that it is not 
completely dehydrated, however, by the vacuum, and a 
“gelatinous” appearance is clearly evident.) 

Effect of Rate of Addition of Precipitating Agent. 
Laboratory instructions for a number of gravimetric 
analyses state that very slow mixing of reagents is 
required for proper crystal growth. For this reason 
MgNH,P(k is precipitated by slow neutralization of an 
acid solution containing the necessary ions rather than 
by direct mixing of the reagents, while BaSO, is pre- 
cipitated by the dropwise addition of the precipitating 
agent. The electron micrographs of Figures 3 and 4 
show BaSQ, crystals as formed by very slow and by 
rapid mixing of the reactants. The slow process in 
this case consisted of mixing the Ba++ and SQy-- 
ions by ion diffusion through a thin membrane, whilé 
the rapid mixing was accomplished by quickly pouring 
one solution into the other. 

Much larger, _ better- 
formed crystals of BaSQ, 
are formed by the slow mix- 
ing of the reactants. Thus, 
the importance of the rate 
of mixing the necessary 
solutions to form a gravi- 
metric precipitate is evident. 

Effect of Order of Addition 
of Reactants. The order of 
mixing reactants can be an: 
important consideration, as 
exemplified by the common 
sulfate determination by 
precipitation as BaSQO,. 
Figures 4 and 5 show parti- 
cles of this precipitate 
formed by direct addition 
of SO.-- to Batt and 


Figure 2. AgCl, a Curdy Pre- 
cipitate 


Figure 3. BaSQ:, a Crystal- 
line Precipitate, Formed in 
Neutral Solution by Slow Diffus 

sion 
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Figure 4. BaSQ. Formed by Rapid Addition of SOQ;-~- to Bat* at 
Room Temperature 


vice versa, with all other conditions being held constant 
so far as conveniently possible. A larger crystal size 
is obtained from the latter process. Since large crystals 
are desirable to aid in easy filtering and to minimize 
surface adsorption by lessening the total surface, the 
latter process appears advisable. 

} It should be mentioned that some foreign ions co- 
precipitate more readily by one procedure than by the 
other. Cation coprecipitation is more pronounced 
when Batt is added to SO,-~ and anion coprecipitation 
when the reverse process is followed. Therefore, for 
an analysis in the presence of foreign ions which readily 
coprecipitate, other factors may become of greater 
significance than the crystal size. 

Importance of Hydrogen Ion Concentration. Most 
gravimetric determinations present specific require- 
ments for the acidity of the precipitating medium at 
the time the precipitate is formed. The reasons vary 
from one determination to another, and the BaSQ, 
determination will here be used as an example. Strong 
acidity is to be avoided in this analysis because of 
excessive solubility of the desired precipitate, yet a 
slight acidity, besides compensating for a coprecipita- 
tion through increased solubility, also yields larger, 


‘ 
Figure 7. 
Figure 6. BaSQ: Formed in 
0.08 M HCl by Slow Diffusion 


BaSO: ormed in 
Presence of Fet*++ by Slow 
Diffusion 


485 


formed crystals through slower crystal formation. 
This factor is illustrated by a comparison of Figures 
3 and 6, in which BaSQ, is formed in neutral and in 
slightly acid solutions, respectively. Again all other 
factors were held as constant as possible to insure a 
justifiable comparison. Although the magnitude of 
difference is not great, the crystals from the acid solu- 
tion do appear larger on an average. 

Coprecipitation by Adsorption. Although  co- 
precipitation is a factor of importance in nearly all 
gravimetric determinations, it is especially pronounced 
in the BaSQ, precipitation. Surface adsorption is 
only one of several mechanisms of coprecipitation, and 
it may be in the form of mono- or diatomic layers or it 
may be on a larger scale. 

In Figures 3, 7, and 8 are shown BaSQ, crystals 
precipitated in the absence of interfering ions, in the 





Figure5, BaSO, Formed by Rapid Addition of Batt to S0:-- at Room 
Temperature ; 


presence of a significant concentration of Fet+++ ions, 
and in the presence of NO;~ ions, respectively, all other 
conditions being constant for all three. When inter- 
fering ions are absent, the crystals are seen to be well 


formed with smooth edges and square corners. In the 
presence of the interfering cation or anion, the crystals, 


Figure 8. BaSO: Formed in 
Presence of NO:~ by Slow 
Diffusien 
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Figure 9a and 96. BaSO; Formed by Rapid Addition of SQ:-~ to 
Ba** and Digested near 100°C. for a Few Minutes 


although larger, are much more poorly formed and 
contain various protuberances from the crystals as 
well as a general scattering of extremely minute, amor- 
phous-appearing material. The preparation of these 
specimens clearly indicates that the extra material in 
the latter two is caused by the coprecipitating foreign 
ion. 

Coagulation by Heat—Digestion. Digestion of a 
precipitate is a common operation in many gravimetric 
determinations. The process is illustrated by Figures 
4, 9a and 9b. Figure 4 is of BaSQ, formed by direct 
mixing of the reagents at room temperature, while the 
other two are of the same suspension after heating 
near the boiling point for a few minutes. These elec- 
tron micrographs illustrate several factors. In the 
first place, much larger pieces of precipitate are formed 
by the digestion process, rendering a more filterable 
substance. Secondly, the increase in 
particle size may be caused by a growth 
of larger crystals as seen in Figure Qa. 

No doubt the crystal growth is ac- 
complished by small particles dissolving 
and reprecipitating on the larger ones. 
The crystals are not necessarily perfectly 





Figure 10a. AgCNS Precipi- 
tated from 0.1 M AgNO; and 
0.1 N KCNS 


Figure 105. AgCNS Precipi- 
tated from 0.1 M AgNO; and 
. 0.01 N KCNS 


formed, but the larger ones are much in evidence in 
this picture. Thirdly, the increase in particle size 
may be caused’ by a coagulation, or coming together 
into clusters of the smaller particles, as illustrated 
by Figure 9b. It is obvious that any layers of ad- 
sorbed foreign ions on the surface of the smaller par- 
ticles will be trapped as these particles coagulate 
since the clusters appear to be very dense—no doubt 
too dense in many parts to permit penetration of a 
subsequently used wash solution. This phenomenon is 
known as occlusion and is a common mechanism of 
coprecipitation in gravimetric analyses. 

Effect of Concentration of Precipitating Agent. Al- 
though the concentration of a solution used to form a 
gravimetric precipitate is not a very critical quantity, 
an approximate specification is generally given in 
laboratory instruction sheets, and the thoughtful stu- 

dent often wonders why such a value 
was chosen. Figure 10 contains electron 
micrographs of AgCNS precipitated with 
0.1 N AgNO; and various concentrations 
of KCNS as indicated, all other factors 
being kept constant. As the concentra- 


(Continued on page 516) 





Figure 10c. AgCNS Precipi- 
tated from 0.1 M AgNO; and 
0.001 N KCNS 





THE DEVELOPMENT OF THE MARSH TEST 


FOR ARSENIC 


One uunprep and ten years ago Lewis Thompson 
in England and C. H. Pfaff in Germany, independently 
and almost simultaneously, discovered a volatile com- 
pound of antimony and hydrogen called, first, anti- 
moniuretted hydrogen and, later on, antimony hydride 
or stibine (SbHs). Within a period of five or six years 
following this discovery, numerous investigations of 
the physical and chemical properties of the gas were 
made, the literature carrying the names of more than 15 
scientists who published their findings. This surprising 
interest in a gas which is so little known in our present 
day can be understood only in the light of an event 
which occurred a year earlier, in 1836. 

Up to this time there were no satisfactory tests for 
small amounts of arsenic found as an impurity in many 
substances used in commerce, such as steel, sulfuric 
acid, or drugs. The iron pyrites used as a source of 
the sulfuric acid made by the lead chamber proc- 


STEWART H. WEBSTER 
National Institute of Health, Bethesda, Maryland 


associated with his name. Marsh, a practical chemist 
at the Royal Arsenal at Woolwich in London, became 
the assistant to Michael Faraday upon the latter’s 
appointment to the Royal Military Academy in Decem- 
ber, 1829. Marsh was an inventor in his own right, 
having received the large silver medal and 30 guineas in 
1823 from the Society of Arts in recognition of his 
electromagnetism apparatus. Besides his electrical 


ess almost always contained arsenic so that, unless | 


specially purified, the acid was likely to be contami- 
nated with this element. Hydrochloric acid and a 
multitude of other products made from impure sul- 
furie acid were likewise subject to arsenical impurities. 
It was, therefore, often necessary to make qualitative 
arsenic determinations. Moreover, arsenic was of 
considerable medico-legal importance. Mellor (1) 
believes that as far as published records are concerned, 
preparations of arsenic have been more frequently used 
for criminal purposes than have any other poisons. 

Most of the tests for arsenic which were in use up to 
this time depended upon precipitating the arsenical 
material in some recognizable form, thus requiring 
considerable time and comparatively large amounts 
of the material for identification. 

In 1775, during his celebrated investigations on 
arsenic, C. W. Scheele discovered the volatile com- 
pound of arsenic and hydrogen known as arseniuretted 
hydrogen and, later, arsenic trihydride or arsine (AsHs). 
Work was continued by other chemists, among them 
J. L. Proust, E. Soubeiran, J. F. Simon, and C. H. 
Pfaff. While experimenting with arsine in 1815, A. 
F. Gehlen died from breathing this substance. This 
was the first of many accidents with this compound 
recorded in the literature. It appears that Scheele, 
who discovered and investigated the properties of both 
arsine and prussic acid (HCN), must have led a charmed 
life to have avoided the lethal action of these toxic 
compounds. 

It remained for James Marsh (1794-1846) to make 
use of arsine as a basis for the test which came to be 
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JAMES MARSH 


Illustration taken from W. T. Vincent’s ‘‘The Records of the Woolwich 
District,"" Volume I, Woolwich and Virtue and Company, London, 
1888-89, page 340 


and metallurgical interests, Marsh was devoted to a 
study of poisons and their effects (2). As a result of 
the frequent need for arsenic analyses, he developed 
his novel test which depended on the fact that when 
arsenical material came in contact with hydrogen 
freshly liberated by the action of zine and dilute acid, 
hydrogen gas containing a small amount of arsine was 
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evolved. The mixed gases were then ignited and the 
flame was allowed to play on a cold plate of window 
glass, on which was then deposited a metallic mirror 
consisting largely of metallic arsenic. The method 
could be applied not only to inorganic materials but to 
biological substances as well, and hence could be used 
for toxicological and forensic purposes. 

In Figure 1 is shown a copy of two forms of the 
original Marsh apparatus, resembling a kind of Déber- 
einer’s hydrogen lamp. These were essentially minia- 
ture Kipp generators and provided for production and 
storage of gas until enough had been obtained to ignite 
and test for the presence of arsenic. 


























Zw 


Two Forms of the Original Marsh Apparatus Used in 
Detecting Arsenic ‘ 


Figure 1. 


It is not certain whether Marsh perfected his test 
before 1836, but he was presented with the large gold 
medal by the Society of Arts of London on April 
22, 1836, for this “valuable contribution.” The 
London Medical Gazette published (3) in the July 23rd 
issue the “Account of a new method of separating 
small quantities of arsenic from substances with which 
it may be mixed,” by James Marsh, Esq., of the Royal 
Arsenal, Woolwich. While this communication ap- 
pears to have been taken from Volume 51 of the So- 
cieties’ Transactions an article by the same title ap- 
pearing in the Edinburgh New Philosophical Journal in 
October of the same year (4) bore a note indicating that 
the article was to be included in these Transactions. 

Modifications of Marsh’s method soon appeared, 
Herapath (6) suggesting the use of a mica plate cooled 
by water instead of the window glass which often 
cracked, due to the intense heat of the hydrogen flame. 

Marsh’s original article was widely reprinted, ap- 
pearing during the following year in German in 
Dinglers Polytechnisches Journal (6) and from there in 
the Repertorium fur die Pharmacie (7) and in Liebig’s 
Annalen der Pharmacie. (8). In the latter publication, 


following the article by Marsh, there were attached two 
supplements, one written by F. M. Mohr (9) and the 
other by Justus Liebig (10). 


Mohr believed the Marsh 
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test to be epoch-making in its importance, making 
all the previous methods for the evaluation of arsenic 
almost superfluous. It was Mohr who advocated using 
a porcelain plate intead of a glass plate. Liebig added 
his praises, emphasizing the extreme sensitivity of the 
test, and suggested changes in the method to the effect. 
that instead of allowing the hydrogen flame. to impinge 
on a cold glass or porcelain plate, he decomposed the 
arsine thermally by passing it through a glass tube 
heated to redness. In this way the metallic arsenic 
could be recognized as a shining mirror on the inside 
of the tube. Since the arsine was decomposed as fast 
as it passed over the heated portion, the deposit would 
build up and increase with time, thus enhancing the 
sensitivity of the test. In addition, there was no need 
for violent evolution of the hydrogen. Indeed, Liebig 
found that this rapid action was to be avoided, since 
it was likely to carry particles of the solution along with 
the gas by entrainment. On reaching the heated 
portion of the tube, these foreign materials would de- 
posit on the glass and might be misinterpreted for 
arsenic. Liebig saw that antimony interfered, but he 
failed to recognize that a volatile compound of antimony 
was formed under such conditions. 

Berzelius (//) soon brought out a modification of 
Marsh’s method in which the hydrogen and arsine 
were passed through a glass tube filled with reduced 
copper and heated externally, whereby copper arsenide 
was formed. Since this material could be weighed, the 


procedure of Berzelius seemed to offer a great advantage 


over the merely qualitative method of Marsh and 
Liebig. Even though Berzelius was not able to dem- 
onstrate complete recovery of small amounts of 
arsenic by his modification, he remained adamant re- 
garding its superiority. 

Ironically enough, as Lockemann (12, 13) has pointed 
out, the designation of the term ‘“Marsh-Berzelius 
method” for the usual thermal decomposition method 
is quite common but is incorrect, for it should be known 
as the “Marsh-Liebig procedure. y 

Although the Marsh test was a qualitative method, 
it was of interest to determine the limits of its sensitivity. 
As practiced at this time it was possible to detect some- 
what less than 10 micrograms of arsenic (as As) in 
1/99 of the time it would require for large amounts by 
the usual gravimetric procedure. It is not strange, 
therefore, that the new method was so widely adopted 
almost immediately. 

Buchner (14) recounts that previous to the discovery 
of antimony hydride the textbooks of chemistry did not 
mention such a gas nor did they state whether attempts 
had been made to prepare it. Buchner and also 
Chevallier (15) observe that G. S. Sérullas, principal 
pharmacist at the Military Hospital of Metz, published 
work in 1821 in which it appeared that he had been 
dealing with antimony hydride, but since the deposit 
from the decomposition was believed to be arsenic, 
he drew the erroneous conclusion that all antimony 
contained arsenic! 

It is evident that the almost simultaneous discovery 
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of stibine by Thompson and Pfaff came about as a 
result of investigating the Marsh test. Although 
Thompson does not specifically state this to be the 
case, Pfaff mentions that he discovered stibine quite 
accidentally when he was testing some tartar emetic 
for the presence of arsenic. Unlike Sérullas, however, 
he investigated the deposit more carefully and realized 
that a new compound of antimony had been prepared. 

Thompson’s account appeared in the London and 
Edinburgh Philosophical Magazine (16) in May, 1837, 
and then in the Journal fiir praktische Chemie (17) for 
the same year. Pfaff who had already worked on ar- 
sine, published his paper in the Annalen der Physik 
und Chemie (18). Both of these scientists understood 
that the Marsh test would be invalidated unless the 
deposit of metal could be identified as either arsenic or 
antimony. The result of these publications in England 
and on the continent produced almost electric response. 

Simon’s account (19) of his researches on the proper- 
ties of stibine appeared in 1837. This was followed by 
those of Vogel (20) in 1838, Marsh (21, 22) in 1839-41 
Capitaine (23) in 1839, Chevallier (75) in the same 
year, Rose (24, 25) in 1840-41, Lassaigne (26, 27) also 
in 1840-41, Jacquelain (28, 29) in 1840 and 1843, 
Dupasquier (30) in 1842, Brett (31) in the same year, 
and Meissner (32) also in 1842. 

Numerous commissions were appointed to investi- 
gate the status of the Marsh test, with particular ref- 
erence to the medico-legal aspects. J. B. Bous- 
singault, J. B. Dumas, H. V. Regnault, and L. J. 
Thénard were assigned to this task by the Paris Acad- 
émie des Sciences and, after receiving advice and con- 
sultation, this commission reported in 1841 (33). The 
method finally recommended was the modification 
proposed by Liebig. 

Brett (31) attempted to distinguish between anti- 
mony and arsenic deposits by their appearances. Since 
arsine decomposed at a higher temperature than stibine, 
metallic arsenic tended to be deposited at some dis- 
tance beyond the heated portion of the tube, while 
antimony was inclined to be deposited on either side of 
the heated zone. However, chemical methods. were 
more useful in identifying the two elements, especially 
when both were present. Vogel (20) dissolved the 
residue in aqua regia and formed a precipitate with 
hydrogen sulfide, arsenic giving a golden yellow pre- 
cipitate soluble in-ammonia, and antimony giving an 
orange-red precipitate insoluble in ammonia. Real- 
izing that his test was not all that he had hoped it would 
be, Marsh (2/, 22) advocated absorbing the product 
from the burning gases in « drop of water suspended 
on the underside of a glass plate and then testing this 
drop with Hume’s solution (ammoniacal silver nitrate) 
from which a yellow color due to silver arsenite was 
given by arsenic but more was given by antimony. 
According to Lockemann (34), Bischoff (35) later found 
it possible to separate the two elements by adding alka- 
line hypochlorite solution, which completely dissolved 
the arsenic deposit but not the antimony. This‘is the 
procedure commonly in use today. 
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Search continued for a modification of Marsh’s method 
which would give a quantitative evaluation of these 
two elements. This required more than a quarter of a 
century for accomplishment. It appears that Stra- 
tingh, a Dutch pharmacist, was the first to suggest the 
use of mercuric chloride rubbed on paper as a test for 
arsine (36) although the reaction between the mercury 
salt and the hydrides of arsenic and antimony had been 
known to Pfaff (18) in 1837. Mayengon and Bergeret 
(37) apparently did not know of Stratingh’s work and 
independently suggested using mercuric chloride paper 
to absorb arsine and stibine from a gas mixture. 

It was five years later, in 1879, that Gutzeit (38), dis- 
cussing revisions of the German pharmacopoeia, sug- 
gested a modification of Marsh’s method for deter- 
mining the arsenic in hydrochloric acid. Gutzeit 
advocated substituting silver nitrate for the mercury 
salt and thus quantitatively determined the evolved 
arsine (39). Chemists soon recognized that other 
volatile hydrides, such as SbH;, H.S and H,Se, would 
form precipitates with silver nitrate so that suitable 
modifications have continued to be devised so as to 
improve both the sensitivity and selectivity of the test. 

Oddly enough, although the great toxicity of arsine 
was soon recognized after its discovery in 1775, the 
similarly high toxicity of stibine apparently escaped 
recognition for many years after the physical and chem- 
ical properties had been investigated. Even in 1859 
we find Hannon (40, 41) recommending its use in pneu- 
monia and in certain other respiratory diseases. 
Stock (42) has pointed out that the only reasonable 
explanation for this strange situation can be laid to the 
fact that in so many cases the investigators were dealing 
with impure mixtures containing only a very small 
percentage of stibine. Indeed, it was not until 1901, 
64 years after its discovery, that Stock and his co- 
workers (43) first succeeded in producing the gas in a 
pure condition. Adequate investigation of its toxic 
properties was not carried out until more than a century 
had elasped (44). 

The discovery of new compounds has frequently 
resulted from the search for sources of impurities and 
interference. One of the most interesting cases of this 
was the development of the test for arsenic by James 
Marsh over a century ago. Although chemistry has 
advanced tremendously since that time, the analysis 
of mixtures containing small quantities of volatile 
hydrides is not yet satisfactory. In the continuing 
search for better and more sensitive methods, the his- 
torical background should serve not merely to acquaint 
us with previous mistakes and achievements, but to 
indicate the challenging possibilities of further knowl- 
edge offered by these complications and interferences. 
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@ ON THE SCARCITY OF INORGANIC CHEMISTS 


Wane representatives of industrial and government 
laboratories scour the country for the few chemists who 
are capable of conducting individual research on prob- 
lems in inorganic chemistry, most graduate students 
continue to elect the fields of organic and physical 
chemistry. Why? Are they receiving outmoded ad- 
vice from our university professors? Or are they re- 
ceiving no guidance at all and see no connection be- 
tween recent developments and the supply-and-demand 
situation for chemists? 

The last ten years have seen the emergence of 
the silicone polymers, fluorine, boron fluoride, hy- 
drogen fluoride, the fluorocarbon polymers, and the 
borofluorides to commercial importance. Substances 
like the silicate esters and the organometallic com- 
pounds have a greatly expanded usefulness, and 
every year more of the “rare” elements find a place in 
our economy. Overshadowing all of these is the con- 
trolled use of nuclear energy, which has made its im- 
portance felt at once and promises to alter our lives far 
more than any other development of our time; in chemi- 
cal terms such use of nuclear energy involves the manu- 
facture and the separation of half the elements in the 
Periodic Table.! All of these rapidly expanding fields of 
chemical endeavor put a premium on research people 
with inorganic training, and even that formerly ‘‘use- 
less” study, rare-earth chemistry, has suddenly achieved 
great importance. 

Yet what do we find? A glance at the Predoctoral 
Fellowship Awards of the American Chemical Society? 





1 See J. Am. Chem. Soc., 68, 2437 (1946). 
2 Chem. Eng. News, 24, 1485 (1946). 
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General Electric Company, Schenectady, New York 


shows that out of these 60 promising young chemists 
only one has given inorganic as his preferred field. 
Twenty-seven elected organic and 16 elected physical 
chemistry. A tour through many of our accredited 
graduate schools gives a similar impression. Who is go- 
ing to do this research in inorganic chemistry that will 
so alter our times by the safe and peaceful application 
of atomic power? 

This is not to say that those who major in physical 
and organic chemistry will find it hard to get jobs, for 
the demand for such training continues to increase with 
the continued development of conventional chem- 
istry. Neither does it mean that these students will 
find themselves totally unsuited for work in nucleonics, 
for example, because a large part of what is called 
physical chemistry in one school is known as inorganic 
in another, and vice versa. The principal point to be 
made is that there seems to be a lack of definite de- 
tailed instruction in the newer fields and a lack of direc- 
tion or “pointing” of the conventional material toward 
the newer problems. Presumably if the 69 other recipi- 
ents of A. C. S. fellowships wanted to get into nucleon- 
ics, they would have to be content to apply their special 
skills to isolated problems or else remodel their training. 

It may be that students do not yet realize the impli- 
cations of the large industrial and governmental labo- 
ratories devoted to nucleonics. Perhaps they do not 
even connect what they read about silicones and fluoro- 
carbons with their training. If so, it is up to the educa- 
tors in our high schools, our colleges, and our graduate 
schools to point out the significance of the newer de- 
velopments. 
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INTRODUCTION 
Vapor-liquid equilibrium data may be determined to 


a high degree of precision using highly specialized types 
of apparatus, as that described by Othmer.' How- 


ever, such apparatus is usually not available for use in 


elementary physical chemistry laboratories. Such ex- 
periments are usually performed with very simple ap- 
paratus.?, ? We have found that students using this 
type of apparatus experience a great deal of difficulty 
in obtaining valid equilibrium data. 

We have constructed an apparatus for the determina- 
tion of such vapor-liquid equilibrium curves by modify- 
ing a Cottrell boiling-point apparatus as described be- 
low. The apparatus is easy to operate, comes to equi- 
librium very quickly, and yields excellent equilibrium 
data. In addition, it can still be used as a Cottrell boil- 
ing-point apparatus for the determination of molecular 
weights from the elevation of the boiling point. 


DESCRIPTION AND OPERATION OF APPARATUS 


The apparatus as shown in Figure 1 consists of an 
ordinary Cottrell apparatus to which has been added a 
three-way, T-type stopcock. One arm of the stopcock 
serves as a reflux return, one arm opens to the bottom of 
the flask, and the third arm serves as a sampling tube. 


. Standard taper joints are used throughout on the appa- 


ratus. For the determinations of vapor-liquid equi- 
librium data, a precision grade thermometer, graduated 
in 0.1°C., is used instead of a Beckmann thermometer. 

In order to determine vapor-liquid equilibrium curves 
it is necessary to establish equilibrium between the boil- 
ing liquid and the refluxing vapor. Samples of liquid 
and corresponding vapor must then be withdrawn and 
analyzed. In using this apparatus, a charge of approxi- 
mately 100 ml. of the binary liquid is introduced into 
the boiling flask, with the three-way stopcock in position 
(1) as shown in Figure 2. The liquid is heated with a 
microburner or electric hot plate at such a rate that the 
Cottrell pump will eject a vigorous stream of liquid over 
the thermometer bulb, and the condensed vapor will re- 
turn from the condenser at a steady rate. Boiling is 
continued until the temperature becomes constant (from 
one to five minutes, depending upon the liquid pair se- 





1 Othmer, D. F., Ind. Eng. Chem., 20, 743 (1928). 

2 Jasper, J. J., “Laboratory Methods of Physical Chemistry,” 
Houghton Mifflin Company, New York, 1938, pp. 100-7. 

3 Mack, E., anp W. G. France, “A Labotatory Manual of 
Elementary Physical Chemistry,” 2nd ed., D. Van Nostrand 
Company, Inc., New York, 1934, pp. 126-31. 


AN IMPROVED APPARATUS FOR DETER- 
MINING VAPOR-LIQUID EQUILIBRIUM 
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SAMPLING TUBE 
Figure 1. Diagram of Apparatus 


lected). Samples are then withdrawn by the following 
procedure: The burner is extinguished and the stop- 
cock is turned to position (2), allowing the liquid stand- 
ing in the vapor-return tube to flush out the sampling 
tube into a small beaker. This will require only two or 
three seconds, after which the stopcock is turned to po- 
sition (3). Vapor will continue to condense and will par- 
tially fill the vapor-return tube above the stopcock. 
The outlet tube is then drained by touching the tip with 
a piece of filter paper, after which the vapor sample is 
collected in a small vial by turning the stopcock back to 
position (2). Approximately half of the liquid in the 
boiling flask is drained into the beaker by turning the 
stopcock to position (4). The stopcock is then turned 
to position (5), the tip is again drained, and the liquid 
sample is collected by returning the stopcock to posi- 











492 


tion (4). The stopcock is returned to position (1) in 
preparation for the next samples. 

For the first determination the apparatus is charged 
with one pure component. The composition of the 
liquid for the second determination may be altered by 
adding a small amount of the second component through 
the condenser. Enough of the liquid in the waste 
beaker is then added to bring the liquid in the apparatus 
back to its original level. The composition of the liquid 
should be determined after each sample is taken. From 
this value and the known amount of liquid in the appa- 
ratus, the amount of the second component which must 
be added to shift the composition can be calculated. 

For the purpose of a laboratory experiment in elemen- 
tary physical chemistry, it is desirable to use a binary 
liquid which can be analyzed by the determination of a 
simple physical property. In a number of laboratories 
binary liquids are used which may be analyzed by de- 
termining the refractive index versus composition for a 
series of liquids of known composition. Samples may 
then be analyzed by determining their refractive index 
and reading the composition from the reference curve. 
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Figure 2. Sch tic Diag of Stopcock Positions 
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The apparatus may be used to determine the mo- 
“lecular weights by. the elevation of the boiling point. 
This is accomplished by placing the stopcock in position 
(1) and operating as a conventional Cottrell apparatus. 
The condensing vapor will then be returned to the boil- 
ing flask through the stopcock instead of through the 
vapor outlet tubes at the top of the apparatus. 


EXAMPLES OF DATA 


Vapor-liquid equilibrium curves were determined for 
two binary liquids. 

The System Benzene-Methyl Alcohol. A series of mix- 
tures of benzene—methyl alcohol were prepared as fol- 
lows: 1, 2, 3, ...9 ml. of methyl alcohol were measured 
into nine small vials from graduated pipets. Then 9, 8, 
7,...1 ml. of benzene were pipetted into the vials using 
graduated pipets. From the known densities of methyl 
alcohol and benzene the weight per cent benzene in each 
sample was calculated from the volume per cent. The 
refractive index of these mixtures was determined at 
25°C. with an Abbé refractometer. The temperature 
was controlled to +0.1°C. by circulating thermostated 
water through the prism housing. The reference curve 
for a refractive index is presented in Figure 3. 

Equilibrium samples were obtained by following the 
procedure outlined above, and compositions of liquid 
and vapor were determined from the reference curve. 
Vapor-liquid equilibrium curves are shown in Figure 4. 

The System Benzene—Acetone. A reference curve was 
constructed in the same fashion as described for ben- 
zene-methyl alcohol. The vapor-liquid equilibrium 
curves are shown in Figure 5. 

Molecular Weight Data. To illustrate molecular 
weight determinations, the molar elevation of the boil- 
ing point, Kz, was evaluated for two different solvents 
using two solutes in each case. 
pipetted into a flask and weighed to determine the 
weight of the solvent. This weight was then assumed 
to be the same for 100-ml. samples which were pipetted 
into the apparatus. 

Solutes were weighed on an analytical balance and in- 
troduced through the large standard taper joint. Tem- 
perature differences were determined with a Beckmann 
thermometer. Data for the K, are presented in Table 1. 


No attempt was made to correct for hold-up of sol- 
vent in the condenser. Inasmuch as the boiling rate, 
total weight of solvent, and temperature of the cooling 
water are kept constant for all determinations involving 
the same solvent, the hold-up is consistent for each 
series of runs. Therefore, if the constant, Kz, is deter- 
mined using a known solute in the same fashion that the 
molecular weight is determined for an unknown solute, 
no error will result in the molecular weight. 

If absolute values of Kz are desired, it is necessary to 
correct for the hold-up. This may be done by deter- 
mining the boiling-point elevation in the usual manner; 
the flame is then extinguished and the stopcock quickly 
turned to position (5). When the temperature of the 


solution has dropped sufficiently to prevent loss of sol- 
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vent by evaporation, a sample of the solution is with- 
drawn by turning the stopcock to position 4. The - 
weights of solute and solvent are then determined by 
appropriate analytical methods. Data obtained in this 
fashion should give true values for the constant, Kz. 





TABLE 1 
Evaluation of Molal Elevation of the Boiling Point 


Weight Weight 








0 of 
solvent solute ATs’ Ke 
Solvent: Acetone 78.1 2.082 0.390 1.79 


Solute: Benzoic acid, M. W. 78.1 4.382 0.815 1.78 
= 122.12 78.1 4.293 0.795 1.77 


Solvent: Acetone 78.1 2.148 0.360 1.80 
Solute: Salicylic acid, M.W. 78.1 2.112 0.360 1.83 
= 138.12 78.1 2.164 0.367 1.83 
78.1 2.160 0.368 1.83 


Solvent: Carbon tetrachloride 157.4 2.115 0.310 4.86 
a Benzil, M. W. = 157.4 4.049 0.610 4.99 


Solvent: Carbon tetrachloride 157.4 2.175 0.322 4.95 
oa Poo M. W. = 157.4 2.025 0.299 4.93 
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DIELECTRIC-CONSTANT MEASUREMENTS 
BY THE HETERODYNE-BEAT METHOD 


In rae determination of dipole moments the electric 
capacity measurements are usually made by one of 
three methods: the resonance method, the heterodyne- 
beat method, or the alternating-current bridge method. 
For undergraduate laboratory work a very simple and 
efficient instrument of the resonance type has recently 
been described (1, 2). It is the purpose of this paper to 
present a circuit illustrating the heterodyne-beat prin- 
ciple which has been found more suitable for student 
use than those previously recommended from this 
laboratory (3). 

The general principle of the heterodyne-beat method 
is schematically represented in Figure 1. Two radio 
frequency signals of frequency fp and f, generated by 
a fixed oscillator and by a variable oscillator, respec- 


tively, are fed into a “mixer” tube, in the output of which | 


is produced a difference frequency or beat note of fre- 
quency |f—fo|. If f and f, are nearly equal, the dif- 
ference frequency will lie in the audio range. The fre- 
quency of the signal generated by the variable oscillator 
is given approximately by the relation 
1 
rs 2e-V LC 

where L and C are, respectively, the inductance and 
capacity in its tuning circuit. 

Let us suppose that for a certain setting of C we have 
f>fo. On increasing the capacity, the frequency of the 
beat note will decrease, going from inaudible to audible, 
from high pitch to low pitch, until f and fp are exactly 
equal and the beat frequency is zero. On further in- 
crease of capacity, a beat note will again arise, this time 
increasing in frequency with increasing capacity until 
it lies beyond the audible range. The critical capacity 
setting corresponding to zero beat is the reference point 
for capacity increment measurements by this method. 

The heterodyne-beat method offers the most accurate 
method of capacity measurement. Since the induct- 
ance L is fixed, differentiation of the frequency equa- 
tien gives 


If the fixed oscillator is of a frequency of 500 kilocycles 
and a beat frequency of two cycles per sesond can be 
distinguished from zero beat, then the detectable change 
of capacity of the circuit is one in a hundred thousand. 
The total capacity needed in a suitable tuning circuit 
for 500 kilocycles is in the order of 500 micro-micro- 
farads, and if the capacity increment to be measured is 
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Figure 1. Principle of the Heterodyne-Beat Apparatus 


50 micro-microfarads, the precision of measurement at- 
tainable is one-hundredth of one percent. The location 
of zero beat to within one cycle per second or better is 
possible, so it is obvious that the accuracy of capacity 
measurements by the heterodyne-beat method is limited 
in practice by the accuracy of setting and calibration of 
the standard condenser employed (4) and by the stabil- 
ity of the variable and fixed oscillators. A heterodyne- 
beat circuit designed from the point of view of oscillator 
stability with a visual beat note indicator is presented 
in Figure 2 and the recommended power supply in Fig- 
ure 3. 

A quartz-crystal controlled oscillator is used for gen- 
eration of the fixed frequency signal. The tuning cir- 
cuit is assembled from a two-gang variable condenser, 
140 micro-microfarads capacity per section, and a suit- 
able plug in coil to permit convenience in change of 
operating frequency. The coil connections are arranged 
so that the two sections of the condenser are in series, 
or in parallel, or one section alone in use in order to 
provide suitable L/C ratios for the tuning circuit at 
different frequencies. The tuning of the oscillator is 
indicated by a 0 to 5-ma. meter in its plate circuit. 
Starting at full capacity, the plate current will be off 
scale; on tuning down the capacity, oscillation sets in 
abruptly with a sharp dip in the plate current to about 
1.5 ma. The capacity is then further decreased until 
the plate current rises to3 ma. At this point the oscil- 
lator grid has less excitation and the oscillator is found 
to be more stable. 

The variable frequency oscillator employed here is of 
an unusual type, but because of its unusual frequency, 
stability, simplicity of construction, and ease of compre- 
hension can be highly recommended in this application. 
The circuit, which is repruduced for convenience in Fig- 
ure 4, makes use of the particular electrode arrangement 
of the 6A8-type pentagrid converter tube which ex- 
hibits a negative transeonductance (5, 6) between sig- 
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Figure 2. Circuit of the Heterodyne-Beat Apparatus for Dielectric-C t 


Condensers 


140-mmf. two-gang variable 
C3, C4, C18, C18, C20 0.1-mf. 600-volt paper 
C5, C6 0-30-mnf. air trimmer 
335-mmf. variable 
50-mmf. variable 
0.005-mf. mica 
0.01-mf. 600-volt paper 
8-mf. 450-volt electrolytic 
0.002-mf. mica 
0.25-mf. 600-volt paper 
4-mf. 450-volt electrolytic 
10-mf. 25-volt electrolytic 
300-mmf,. mica 


Resistors 


R1 20,000-ohm 1-watt 
R2, R10, R17, R19 0.5-megohm !/;-watt 
R3, R7, R8, R16, R20 50,000-ohm 1-watt 
R4 500-ohm 1-watt 

R5 7000-ohm 1/3-watt 
R6, R13 15,000-ohm 1-watt 
R9, R15 25,000-ohm 1-watt 
Rll 0.1-megohm !/4-watt 
R12 150-ohm 1-watt 

R14 75,000-ohm 1-watt 
R18 2000-ohm 1-watt 


nal grid G4 and anode grid G2. When the potential of 
grid G4 with respect to the cathode is decreased (nega- 
tive bias increased) the current Jg2 is increased, in con- 
trast to the usual Eg-Ip behavior. Because of this re- 
versal of transconductance the changes in £2, the poten- 
tial of the anode grid, will be in phase with the changes 


0.5-megohm potentiometer 
1-megohm 1!/3-watt 
5 megohm 1/,-watt 
30,000-ohm 1-watt 


R21 
R22 
R23 
R24 


Tubes, etc. 


v1 6SJ7 

v2 6A8G 

V3 6SA7 

v4 6/5 

V5 6E5 

= Crystal 

M 0-5 ma. meter 

S81, S2 . Three position two-gang switch 

J1, J2, J3 Phone jack 

P81 Socket for coaxial wire connector to dielectric cell 

PS2 Socket for coaxial wire connector to external standard 
condenser 4 

Coil data 

Coil diameter. 

inches 


Winding 
length 


Wire 
Coil gage Turns 
Al No. 29 106 
Bl No. 29 96 
A2 No. 29 31 
B2 No. 29 28 
A3 No. 22 221/2 
B3 No. 22 20 


close wound 11/2 
close wound 11/3 
7/s in. 13/5 
1 in. 13/3 
close wound 13/5 
close wound 13/3 


in Egs, so that regenerative feedback may be obtained 
by condenser coupling between the two grids as indica- 


ted in Figure 4 by Cc. This action may be examined 
more carefully by consideration of the dynamic charac- 
teristics of Figure 5, which was obtained under condi- 
tions very close to the actual operating conditions. 
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Figure 3. Circuit of Voltage-Regue 
lated Power Supply 


C1,C2 10-mf. 450-volt electrolytic 
condenser ; 
Rl 20,000-ohm 4-watt resistor 











R2, R3 0.5-megohm !/3-watt resistor 

R4 15,000-ohm 1/3-watt resistor 

R5 25,000-ohm 1-watt resistor 

R6 15,000-ohm wire-wound po- 
tentiometer 

R7 20,000-ohm 1-watt resistor 





























v1 83V tube 
«V2 2A3 tube 

v3 6/7 tube 

V4 0C3 tube 

CH 30-henry 100-ma. choke 

= Power transformer, as Thor- 

darson 713R08 

S.P.S.T. switch 





SW 











© 6.av. 








From the curve it is seen that there is a transconduct- 
ance of —275 microohms anda voltage gain of 14 between 
grids G4 and G2. The values of Eg. are calculated 
from the obvious relation 


Eg, = 100 — 50,000 J: 


If the potential of G4 is momentarily at —1.3 volts, Eg. 
will be 60.5 volts and the condenser Cc will be charged 
to the same potential. If now the potential of G4 is 
decreased, say to —1.6 volts, the potential of G2 will also 
decrease to 53.5 volts and the condenser Cc will dis- 
charge through R, the battery and grid circuit, driving 
G4 more negative. This regenerative feedback keeps 
the LC circuit between the cathode and G4 in contin- 
uous oscillation. 

The output signals from the two oscillators are fed 
through two small trimming condensers to the signal 
grids G1 and G3 of a 6SA7 mixer tube (Figure 2). The 
beat frequency signal produced is amplified by the 6/5, 
and then fed into the grid circuit of the 6/5 indicator 
tube, which acts as a sensitive grid-leak detector. With 
no signal on the grid, the plate current is high and the 
potential of the plate and ray control electrode is low 
because of the potential drop across the one megohm 
resistor in the plate circuit, so the shadow angle is wide. 
On receiving a signal, the shadow angle decreases. 
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Figure 4. The Negative Transconductance Oscillator 





When the beat frequency is high the shadow is blurred, 
but when the beat frequency falls below the persistence 
period of vision there is seen the periodic blinking of the 
“eye’’ at the frequency of the beat note. - At zero beat 
the “eye” remains wide open. 

A trouble usually met in heterodyne-beat oscillators 
is the phenomenon called “locking in”’ of the oscillators. 
That is, when f is brought close to fo, low frequency 
beats cannot be observed because the more stable of 
the two oscillators exerts.a synchronizing action on the 
less stable, and over a considerable range the two oscil- 
lators are locked in step with one another and a sharp 
zero beat setting cannot be obtained. This ruins the 
accuracy of the determination completely. In this re- 
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spect the circuit here described is entirely satisfactory, 
as low frequency beats down to one beat or so per second 
are easily observed, confirming the claim that this type 
of oscillator is capable of ‘“Todmachen ohne Mit- 
nahme,” as quoted by Taylor (6). 

Another method of avoiding the synchronizing effect, 
particularly at higher frequencies or in high precision 
work, is to tune the variable oscillator to a fixed beat 
frequency as determined by comparison with a constant- 
frequency tuning-fork oscillator (7). A modification 
of this method which we have found of interest employs 
a vibrating reed-type frequency meter. A 380 to 420- 
cycle frequency meter was used in the circuit given in 
Figure 6. The meter has nine reeds differing succes- 
sively in natural frequency by five cycles. One can 
then always tune the variable oscillator to give a beat 
frequency of 400 cycles to within one or two cycles, and 
in addition any drift with time in the frequencies of two 
oscillators is directly apparent. 





c2 
IH 


| ©. 























B- B+, 
Figure 6. The Frequency Meter Driver Circuit for Beat-Frequency 


Indication 


cr 25-mf. 25-volt electrolytic 

c2 0.5-mf. 600-volt paper 

CH Output transformer primary 

V 6V6 tube 

P Plug to J2 of Figure 2 

M 380-420 Cycles per second vibrating-reed frequency meter 


The three output jacks shown in Figure 2 provide 
versatility in beat detection. J1 can be used for in- 
jection of a constant frequency audio signal from a tun- 
ing-fork oscillator as previously mentioned. J2 can be 
used for feeding the beat-frequency signal into a cathode 
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ray oscilloscope. J3 is provided to permit use of a ear- 
phone for rough location of zero beat. The tuning eye 
gives a much more sharp setting for zero beat because 
both the response of the amplifier-earphone system and 
the audibility drop steadily at low frequencies, as shown, 
for example, in the following table (8); 


Relative sensitivity 


Frequency, 
of null detection 


cycles per second 


14,000 
However, we recommend the simultaneous use of both 
earphone and tuning eye for zero beat location, because 
the earphone tells you immediately whether you are 
tuning down or tuning up. It is found that the tuning 
indicator here described gives the same performance as 
a cathode ray oscilloscope as zero beat indicator; the 
response of the shadow is instantaneous. 

Dielectric-constant cells can be conveniently con- 
structed from 50-micro-microfarad midget variable con- 
densers by removing plates as required to give the ca- 
pacity appropriate for the particular frequency em- 
ployed. ‘The cell should be shielded and co-axial cable 
used for the necessary connections. The circuit can be 
used with any medium giving a cell-leakage resistance 
greater than 104 ohms. Details concerning the pro- 
cedure of measurement, calculation of the dipole mo- 
ment, and necessary precautions are available else- 


where (2, 3, 4). 
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Are you looking for an easy solution tb the problem of worry and discouragement? 

There isn’t one—but there is an old-fashioned answer with but one virtue—it 
never fails to work. Discouragement can be blitzed by one’s being so ceaselessly and 
continually busy that there isn’t tine for anything except hard work, and lots of it. 





ATMOSPHERIC TRADE WASTES’ 


A pistincrion must be made between pollution by 
atmospheric trade wastes which reach levels toxic to 
man and those in which concentrations fall below hu- 
man thresholds, do not effect health, and are simply a 
nuisance to our general economy. Antismoke cam- 
paigns never have real success when complaints are 
based on damage to health. If an odorous substance 
escapes into the air the complainants generally must 
base their plea for relief upon the nuisance resulting 
and not upon damage to health. But if crops, fruit 
trees, or cattle are damaged the offender will get little 
sympathy, redress is apt to be prompt and may be very 
costly. 


COAL SMOKE 


There is an old Scotch message of good will to a young 
married couple: “Lang may your lum reek”—long 
may your chimney smoke. Smoke denoted prosperity. 
England, Wales, and Scotland have traditionally en- 
joyed the luxury of individual fireplaces for each room. 
No-one minded having a chimney let forth thick black 
smoke. When their winters are moderate, as they usu- 
ally are, coal is plentiful, and one dresses for their con- 
ditions; their lack of central heating is no handicap to 
pleasant living. But when the weather misbehaves or 
there is a coal shortage as during this past winter, results 
are very bad. ; 

Engineers know well the fuel economy which results 
from burning either coal, oil, or gas in central stations, 
raising steam at the power house, and selling it to build- 
ings within reasonable distance. District heating of 
downtown stores is now common American practice. 
District heating of large suburban housing projects has 
been enormously extended all over this country and has 
proved to be very popular with both the small and large 
householder. The result is the efficient use of the fuel 
and the elimination of a multitude of small household 
furnaces. 

Increasing use of oil and gas, manufactured and natu- 
ral, for domestic furnaces has shown the individual 
householder the conveniences of automatic heating. 
Coal companies are countering this obvious trend by 
developing automatic coal stokers for the householder— 
equipment long in use in power plants. What the future 
in this field will be in the next 20 or 30 years is unpredict- 
able, but one thing is sure—smoke pollution is certain 
to be reduced and our Scotch proverb will have to be 
modified. 

It is not a simple matter for any large community to 
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change its heating practice. One cannot introduce by a 
wave of the legislative wand electrically driven locomo- 
tives into a busy city like Pittsburgh or St. Louis. It 
takes years of careful planning. The job of mod- 
ernizing the heating practice of a British industrial 
community, like Manchester, is appalling. But these 
changes have been made in the past and many more of 
them will be made in the future. 

The stress of war brought to us some pollution prob- 
lems which could not very well have been anticipated. 
I know of a large manufacturer of food products whose 
output was nearly all taken by our armed forces. The 
factory had a modern oil-burning power plant which 
gave no trouble to the neighborhood, largely a suburban 
residential area. Suddenly the plant was ordered to 
change over to powdered soft coal because of the oil 
shortage. The plant applied at once for the equipment 
necessary for a Cottrell precipitation unit to catch the 
fly ash they knew would be emitted from the stack. 
Permission was refused on the ground that the materi- 
als necessary were needed elsewhere. The neighbor- 
hood was up in arms and protested, but Washington 
stuck to its edict and told the citizenry to stop complain- 
ing and to bear up patriotically with a bit of pollution. 
It would not hurt anyone but would, admittedly, be a 
trying business. Complaints were brought to the local 
smoke commission and samples of dust, allegedly from 
the company’s stack, were submitted. The case was 
dismissed and amusingly enough was not reheard until 
the company unexpectedly was allowed to reconvert to 
oil. This change they made promptly and quite with- 
out publicity. Then to our great delight the complain- 
ants brought us into court and submitted samples of 
dust from the front porch of a house near the power 
plant. Most of the dust consisted of granite, the pre- 
vailing road rock of the district, and could not possibly 
have come off the stack of the power plant. When 
convinced the company actually was burning oil as in 
former years the complaints were dropped. 

Examination of the dust samples in the above case 
showed the great difficulty in proving where fly ash 
came from. It is well known that fly ash from powdered 
soft coal consists mostly of tiny glass-like spheres, vary- 
ing from colorless to black, according to the amount of 
occluded carbon. The actual carbon content of these 

spheres is very low as combustion in the power plants is 
efficient. But the spheres can travel miles. It is virtu- 
ally impossible to tell which spherical particles come 
from locomotive stacks and which from power plants. 
Their appearance and analyses may be identical. It 
would be interesting to introduce a foreign chemical, 
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like BaCl, into the coal as a tracer, or perhaps a radio- 
active isotope. Either substance would enable one to 
follow the spread of the ash by appropriate micro or ra- 
dioactive tests. We have long wanted to carry out such 
studies but so far the opportunity has not arisen. 

One can operate a power plant at high thermal ef- 
ficiency and still have very serious pollution troubles. 
If the coal has 5 or 6 per cent sulfur, like some of our 
midwestern coals, the stack gases may emit enough 
SO2 gas actually to burn crops. In order to avoid this 
the sulfur must be removed before combustion of the 
coal, or the SO, scrubbed out and the wash water neu- 
tralized, or made into sulfuric acid, or else sent up 
through a stack of sufficient height to prevent the burn- 
ing of crops on the ground. There is no easy way out 
and certainly no cheap way. This is not an imaginary 
case—the problem is modern and actually has arisen. 
It is no great surprise to the nonferrous metallurgical 
industry which long ago was forced by law to account 
for its SO stack emissions. 

Likewise, power plants collecting fly ash are faced 
with a bothersome disposal problem. Fly ash has to 
be carried away and dumped. So far efforts to use it for 
filling, ballast, or building blocks have not been very 
successful. 


THE METALLURGICAL INDUSTRY 


This industry looks with something like curiosity on 
other industries that pollute the air with trade wastes 
and show no particular intention of doing anything until 
forced by law. Postponement of corrective méasures 
can be disastrously expensive. The time to apply cor- 
rections is when the plant is on the drawing board and 
not when it has been built. 

The copper,. lead, and zinc smelters in the United 
States often handle ores and concentrates: containing 
sulfur and arsenic. These elements must be separated 
from the other metals, and neither one can be sent indis- 
criminately up the stack. Both have a certain market 
value, the sulfur for sulfuric acid and liquid SO, and 
the arsenic mostly as an insecticide in agriculture. 
Fortunately for the industry there is every indication 
that the market for sulfuric acid within areas near the 
large smelters is rapidly increasing while that for arseni- 
cal insecticides is holding up well. 

_However, it is well known that the metallurgical in- 
dustry could not have disposed, in past years, of all the 
sulfuric acid it could have made. Inevitably much 
of the sulfur dioxide formed in roasting concentrates 
was sent up the stack. If this is to be done, it is obvious 
that the stack height must be great or dangerous con- 
centrations at ground level are inevitable. This state 
of affairs forced the. metallurgical industry to erect 
stacks over 500 feet high, the tallest in all industry. I 
know of a plant now seriously considering the erection 
of one over 750 feet. 

Plants having such SOQ, problems are forced to meas- 
ure routinely and to record automatically the composi- 
tion of stack gases. There is nothing surprising in such 
a routine, which one might compare with the recording 
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of CO, in power-plant stack gases or the recording of the 
calorific power of producer gas. But suggest such a pro- 
cedure to the oil industry, to synthetic rubber, or to the 
chemical industry around Niagara Falls, Detroit, or 
Los Angeles and they will tell you the idea is academic. 

I know of an instance in which oil refineries, built 
along conventional lines, were operating near a smelter 
which recorded SO; at ground level. When it was ap- 
parent that the refineries were emitting SO, as well as 
HS and other sulfur gases, the smelter arranged its re- 
corders to register both SO, and H,S and so proved 
where the guilt lay. Suggestions to the refinery during 
the war years that systematic ventilation of odorous 
processes and venting of gases up high stacks were ad- 
visable fell on deaf ears, 


THE CHEMICAL INDUSTRY . 


The manufacture of viscose rayon is an example of a 
chemical industry which has a serious atmospheric pol- 
lution problem and has consistently done something 
about it. Rayon plants hood all operations and exhaust 
large quantities of gases through stacks high enough to 
avoid gas concentrations which are bothersome at 
ground level. Also economy of operation in rayon proc- 


* essing suggests such hooding coupled with recovery of 


solvent vapors which would otherwise be vented to the 
atmosphere. 

Every laboratory worker knows that you do not 
paint the inside walls of the lab with white lead paint 
because it soon will be blackened by H.S. Discolora- 
tion of nice white lead paint jobs on the outside of 
houses is a familiar annoyance to plenty of chemical in- 
dustries. It is known to oil companies and has even 
been laid at the door of rayon manufacturers who al- 
lowed their waste water to carry off HS in solution and 
then had the annoying experience of having the H.S 
liberated at a considerable distance downstream when 
hot water was discharged into the same stream by an- 
other plant. 

Many industries, such as the dry cleaning, lacquer- 
ing, coating, embossing, and coloring of fabrics, use 
large quantities of volatile organic solvents. In many 
instances the solvents are evaporated by artificial heat- 
ing and recovered by condensation in water sprays or 
by passage through activated carbon or silica gel. Such 
recovery often pays for itself and at the same time 
avoids the pollution nuisance otherwise resulting. An 
important item influencing the decision as to such sol- 
vent recovery is the fire risk. 


DUSTY INDUSTRIES 


There have been several instances of pollution from 
the dried residue of expressed castor-bean dust that re- 
sulted in permanent injunctions against fertilizer plants 
engaged in that business. A certain small propor- 
tion of the general population is sensitive to that 
dust—so much so that minute traces can cause serious 
and temporarily incapacitating reactions to the sensi- 
tive individual. One of these fertilizer plants had com- 
plaints from persons living two miles away, while an- 
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other was closed down on complaints from a neighboring 
iron foundry. The offending plants surely could have 
been operated, without annoyance to the neighbors, if 
the original plant design had taken full account of the 
pollution risk. 

This is one of the few examples I can recall of bad fac- 
tory housekeeping resulting in demonstrable damage to 
health of persons outside the plant in question. 

It is only within recent years that the manufacture of 
cement, one of our basic industries, began systematically 
to prevent the escape of dust to the neighborhood. The 
same comment could be made of the gypsum industry, 
but both handle dusts which happen to be singularly 
harmless if breathed. That fact will not appease the in- 
dignant housewife if the dust blows into her dining 
room. 

The spreAd of coal dust from the tipple of a mine or 
even from a coal storage pile of a city power plant is an 
old story. Often it is an annoyance not easy to abate 
by simple means. The victims of such dust do not have 
to show that their health has been damaged—merely 
that the dust is a nuisance. 

Two or three years ago complaints, which rapidly 
reached the level of hysteria, were leveled against one of 
our most famous mining areas on the ground that their 
hills of “‘chat’’—siliceous gangue piles—spread silica 
dust around the community and thus exposed the non- 
mining population to silicosis. Happily the industry 
had learned a lot about silicosis through a number of 
years of bad experience and was able to show that dust 
exposures to the nonmining population were insignifi- 
cant. 


FOGS AND CONDENSATION 


We all know that traces of acid mists, such as HCl, 
HF, and SOs, are powerful fog producers. Given the 
right meteorological conditions, such chemicals in tri- 
fling concentrations can produce outdoor fogs dense 
enough to tie up traffic. If the mists condense upon 
vegetation and damage to crops or foliage of trees re- 
sults, the seriousness of the offense is even greater. New 
England’s fogs are famous, but the West Coast has its 
troubles. A radio humorist once remarked that rain 
was no real worry in Hollywood but that sometimes the 
dew was so heavy it washed away the bridges. Not far 
from Boston I have seen condensation of trifling 
amounts of HCl—from pickling steel tape prior to elec- 
trogalvanizing—cause a heavy fog in a neighboring 
graveyard. The acid condensation upon foliage re- 
sulted in extensive replanting of trees, grass, gardens, 
and vines. 

Fogs rising from streams carrying warm water from 
factories have been known to block traffic on bridges. 
Definitely this falls into the same general class as fogs of 
industrial origin. 

All of us have read how fogs were momentarily dis- 
pelled over airfields in England during the war. Natu- 
rally, we expect fog control gradually to be applied to 
our own peacetime airfields. If we can cope with natu- 
ral fogs and the vastness they imply, certainly we should 
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be able to dispose of the comparatively trivial fogs made 
by industry. 

Our Rocky Mountain plateau embracing the - huge 
area from the Texas border well up into Canada is no- 
tably dry. Much of it is wonderfully adapted to raising 
cattle and crops of various kinds. The early settlers, 
especially the Spanish, in California proved what could 
be done by irrigation of our arid soil. This method of 
farming today is common in Mexico and in many of 
our flat dry regions west of the Mississippi. In such 
areas crop damage from condensed acid mists naturally 
is less of a problem meteorologically than would be the 
case in coastal New England or around Portland or 
Seattle on the Pacific coast. 

The aluminum industry is not old, but it has become 
very important and seems likely 'to increase. Fluorosis 
of cattle from eating grass contaminated by HF from 
the aluminum industry has lately been a very serious 
problem in regions near Portland and Tacoma on the 
west side of the Cascade Range. On the other hand, the 
aluminum industry’s record is good in eastern United 
States. The difference seems to be purely climatic— 
near Tacoma the grass is green all year, the humidity is 
high, and if HF or other soluble fluorides are condensed 


“upon leaves or grass, it is ingested by the cattle. If 


these same cattle eat uncontaminated hay they are un- 
affected by the atmospheric HF. Workmen in the 
plants apparently are unaffected. A similar state of 
affairs is reported around Ben Nevis in Scotland where 
serious fluorosis occurred in sheep grazing near an alu- 
minum plant. 

Unlike the nonferrous heavy metal industry the alu- 
minum industry had no tradition of hooding its electro- 
thermic operations and venting the fumes through cen- 
tral stacks. The operational changes incident to con- 
trolling such a trade waste problem are difficult to make, 
but damage to cattle and crops cannot be ignored. 

The most vexing air pollution problems today are 
those of large cities. Frequently these problems are 
seasonal and vary greatly from winter to summer. Los 
Angeles furnishes a good example—a huge city extend- 
ing over a tremendous area—wonderfully favored by 
nature, developed originally as a residential and agri- 
cultural district, then suddenly and unexpectedly 
transformed into a very important center for the oil 
industry. Today one can start from the center of the 
city and drive out through as unique a collection of 
stinks and smells as one will meet anywhere. 

Not far from my own home in Cambridge we have a 
city dump and near it an abattoir which compete in 
emitting a really remarkable conglomeration of malo- 
dor. A critical sniffing trip across the marshes from Jer- 
sey City almost to Elizabeth and again from Philadel- 
phia to Wilmington might make the Los Angeles resi- 
dent feel as if his own manufacturer had learned but 
little of the gentle art of making bad smells. It’s a 
shame Mark Twain had no chance to describe some of 
these scenes because he understood their possible impli- 
cations so well. Writing about Civita Vecchia, a town 
a few miles northwest of Rome, he says “The people 
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here live in alleys two yards wide, which have a smell 
about them which is peculiar but not entertaining. It is 
well the alleys are not wider, because they hold as much 
smell now as a person can stand, and of course if they 
were wider they would hold more, and then the people 
would die.” 

The corrective measures applied by the democratic 
processes in our large industrial cities are slow. It’s a 
good thing they are because no one is wise enough to 
formulate the answers quickly and no community can 
stand the expense of drastic changes. Often it’s impos- 
sible to show that trifling concentrations of odorous sub- 
stances in city air harm anyone, but that need not ex- 
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cuse their presence. I am strongly in sympathy with 
legislation which makes an industry accountable for its 
trade wastes and for their control. There is no more ex- 
cuse for promiscuous air pollution than for pollution of 
water supplies or of soil. In the past we have been 
greatly favored by cheap land—we could erect a factory 
out on the marshes and do whatever we wanted. In- 
dustry profited by the encouragement advanced by en- 
terprising industrial communities. But when industry 
interferes with general comfort of a community, its ori- 
ginal welcome quickly is worn out. Today we have be- 
come accountable for our sins of emission and industry 
had best see to its housekeeping. 


A SENSITIVE CONFIRMATORY TEST FOR BROMINE 


Tue YELLow or brown color of free bromine in chloro- 
form or carbon tetrachloride is too faint with small 
amounts of bromine to be certainly distinguishable from 
colored impurities. The Denigés-Guareschi test (/, 
2, 3), proposed three decades ago, can be used to con- 
firm the presence of bromine in chloroform, but as usu- 
ally described (4) the fuchsin-sulfite solution is unstable. 
Moreover, the presence of even a small excess of sulfur 
dioxide in the reagent reduces markedly its sensitivity 
for bromine, and the absence of an excess of sulfur diox- 
ide hastens the reappearance of the normal red color of 
fuchsin by atmospheric oxidation, obscuring the blue 
color of the hexabromofuchsin indicative of free bro- 
mine. The following procedure is convenient and uses 
stable but sensitive reagents: e 

Transfer a convenient volume (e. g., 3 ml.) of chloro- 
form containing the suspected bromine by means of a 
capillary pipet, avoiding as far as possible entrainment 
of solution containing permanganate, free chlorine, ni- 
trogen oxides, or other oxidizing agents that were used 
to free the iodide or bromide in the previous steps. Add 
3 ml. water and then a 0.01 per cent solution of basic 
fuchsin of grade suitable for biological stains. Continue 
addition of the solution of basic fuchsin with shaking 
until a permanent pink or red color persists in the aque- 
ous layer. Add 10 per cent sodium bisulfite or 1 M 
potassium metabisulfite solution drop by drop with very 
vigorous shaking and mixing until the aqueous pink 
color is discharged or changes to violet or blue. Let the 
layers separate. 

With small amounts of bromine (less than 50 micro- 
grams) the fuchsin reagent will be decolorized as rap- 
idly as it is added until an excess is present and the 
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aqueous layer is pink. Addition of bisulfite solution 
will now bleach the aqueous layer and cause a blue or 
violet color in the chloroform and/or a blue or violet . 
precipitate at the chloroform-water interface. It is this 
violet or blue color of either the precipitate or the chlo- 
roform that indicates bromine. For very small amounts 
(less than 10 micrograms) a blank should be done si- 
multaneously and compared with the unknown. 

With large amounts of bromine (over 400 micrograms), 
such as are visible by their yellow color in chloroform, 
the addition of fuchsin causes an orange color in the 
chloroform and a gradual violet-red color in the aqueous 
layer. When bisulfite is now added, the orange and 
violet-red colors are each replaced by blue violet. These 
color changes are too varied and obscured if the bromine 
level is high; moreover, an excessive volume of fuchsin 
will be used. 

When KBr solution (0.02 per cent) was oxidized by 
0.1 N KMnOQ, and 2 M H,SO, and the free bromine ex- 
tracted with 3 ml. of chloroform, the,above procedure 
gave a detectable violet color in the chloroform with 
one microgram of Br and a strong color with 15 micro- 
grams. At 50 micrograms the orange color in the chlo- 
roform was visible between the fuchsin addition and the 
bisulfite addition. 
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LIGNIN—PRODIGY OF THE PLANT KINGDOM 


Lewis has pointed out (/) that approximately 35,000,- 
000 tons of lignin in the form of agricultural and saw- 
mill waste are discarded each year in this country alone. 
In addition, approximately 2,500,000 tons of by-prod- 
uct lignin from the pulp and paper mills are either 
burned or run into streams and rivers for disposal. It 
is surprising that in most elementary textbooks little 
mention is made of lignin which constitutes a consider- 
able part of most plants. In fact the lignin content of 
most full-grown trees generally lies between 20 and 30 
percent. There are apparently two good reasons why a 
description of lignin is not ordinarily given. The chem- 
istry of lignin is extremely obscure and no practical use 
for it on a large scale has been found. 

The early chemists and botanists believed that wood 
was a definite chemical substance, and it was not until 
the year 1838 that its heterogeneous character was dis- 
covered (2). The manner in which lignin is joined to 
the cellulose is still not clear, although experimental 
results indicate the existence of a “‘lignocellulose bond”’ 
(3, 4, 6, 6, 7) which is always destroyed by the present 
methods of isolating lignin. It is believed now that 
lignin is the binding material for the cellulose, or, in 
other words, it is the material responsible for the 
“woody” portion of the tree. The word “lignin” is 
sometimes confusing, and when used, it should be de- 
scribed, since the nature of this substance is determined 
by many factors, and a single formula or definition can- 
not be given. More properly, a lignin should be identi- 
fied as that lignin obtained from a certain tree or plant by 
a particular method. Generally speaking, the original 
character of a lignin depends upon its source and upon 
its mode of isolation from the lignocellulose material. 
The separation of “protolignin,” 7. e., lignin as it exists 
in the plant, has been a problem of prime importance 
to the investigators in this field, since any other form of 
lignin will yield only indirect evidence as to its nature in 
the plant. It might be mentioned, incidentally, that 
Brauns (8) has prepared a “native lignin” which is re- 
ported to resemble the protolignin closely. 


ISOLATION 


The methods of isolating lignin may be divided into 
two general classes. The separation of lignin is effected 
by dissolving it while leaving the carbohydrate com- 
ponents as an insoluble residue, or by hydrolyzing the 
carbohydrate material to soluble sugars and leaving the 
lignin as an insoluble residue. 

The methods of the first class form the basis for most 
commercial delignification processes in the manufacture 
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of wood pulp for the pulp and paper industry. From 
the viewpoint of industry, the two important delignifi- 
cation processes of this class are the sulfate process and 
the sulfite process. 

Sulfate Process: This process is responsible for the 
largest part of the paper pulp manufactured at present, 
and is especially popular because jt can be employed to 
process nearly any type of wood... However, since the 
process was particularly developed to remove the oils 
and resins from coniferous woods, these woods are or- 
dinarily used. ‘The original process consisted of digest- 
ing the wood with a caustic soda solution whereby the 
lignin and hemicelluloses are rendered soluble, and an 
insoluble and impure cellulose pulp remains. Basically, 
this is the “soda process’ which is still used extensively 
today, but it is limited to deciduous woods. 

The sulfate process differs from the soda process only 
in the addition of sodium sulfide and sulfur to the cook- 
ing liquor. The sodium sulfide compensates for the loss 
of alkali during the digestion, while the sulfur bleaches 
the pulp to a limited extent and also increases the rate 
of solution of the lignin. Owing to the heterogeneous 
reactions involved and the fact that both the lignin and 
the carbohydrates decompose in the presence of alkalies 
at high temperatures, the chemical reactions which oc- 
cur are very complex and little known. 

Since the sulfate process competes with other pulp- 
ing methods, the recovery of the spent liquor is an im- 
portant factor. The black liquor contains over 95 per 
ceht of the total alkali which was initially charged into 
the digestor. Most of this alkali is present as sodium | 
carbonate and various sodium organic compounds. } 
Usually the liquor, containing about 20 per cent solids, 
is evaporated to a concentration between 45 and 70 per 
cent solids. The hot concentrated liquor.is charged 
into a furnace where the water is evaporated and the 
organic salts are decomposed. The resulting liquor is 
then discharged into a smelting furnace where the car- 
bonaceous matter (including the lignin) is burned away 
and the inorganic substances are melted. From the 
residue the sodium salts are recovered for use in the cook- 
ing liquor. 

The Mead Corporation has developed a process (9) 
whereby a highly reactive alkali lignin is removed from 
the “soda process” black liquor by carbon dioxide. The 
purified lignin is sold commercially under the name of 
Meadol. The crude black liquor is first evaporated to a 
solution containing 19 to 20 per cent solids, of which 60 
per cent is organic matter. Flue gas, containing 17 to 
18 per cent of carbon dioxide, is passed through the 
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liquor at 20° to 30°C. and a under a pressure of 5 pounds 
per square inch. Since the absorption of the carbon 
dioxide is not complete in the first tank of liquor, the gas 
is passed into a second tank where complete stripping of 
the remaining carbon dioxide from the flue gas occurs. 
Meadol begins to separate as a fine precipitate at a pH 
of 9.0, but treatment with carbon dioxide is continued 
toa pH of 8.5 to 8.6. Since filtration is extremely diffi- 
cult at this point, the precipitated liquor is coagulated 
by heating it to 90°C. and subsequently cooling it to 
40°C. The alkali lignin is then filtered on an acid- 
proof rotary vacuum filter, washed with water followed 
by a dilute sulfuric acid wash which reduces the ash con- 
tent. It is finally dried to a moisture content of 2 to 5 
per cent and pulverized. 

Sulfite Process: This process consists of digesting wood 
chips at 130° to 150°C. in an aqueous solution contain- 
ing calcium and magnesium bisulfites together with an 
excess of sulfur dioxide. There are two methods of pre- 
paring the cooking liquor in wide use, buteachultimately 
serves the same purpose. The active ingredients of the 
liquor are the calcium, hydrogen and acid sulfite ions 
and sulfur dioxide. During the digestion the lignin 
combines with the sulfur dioxide or acid sulfite and is 
rendered soluble. The less resistant hemicelluloses are 
hydrolyzed to water-soluble products, while a portion 
of the cellulose is decomposed. 

The mechanism by which the lignin is converted into 
soluble lignosulfonates is still unknown, although many 
theories exist. The fact that lignin is present in solu- 
tion as the calcium salt of a sulfonic acid has been defi- 
nitely established (10). Certain analytical evidence 
indicates that the lignosulfonic acids are actually mix- 
tures (/1). 

The waste liquor resulting from this process was, in 
the past, run into near-by streams or rivers, but recent 
legislation on the prevention of stream pollution has 
practically stopped this procedure. When evaporated 
to a high concentration, the liquor is often used as a 
fuel, a road binder, and a binder for briquetting mate- 
rial. Other proposed uses include utilization as a ferti- 
lizer, cattle food, and tanning material. The Marathon- 
Howard Process (12) utilizes the sulfite waste liquor by 
treating it with lime. The liquor is separated into (a) 
calcium sulfite product which is used in preparing fresh 
cooking acid, (b) a calcium lignosulfonate which is used 
as a fuel, as a source of vanillin, and as a raw material 
in the manufacture of lignin plastics, and (c) a material 
which is suitable for discharge into streams without 
causing serious pollution. 

The methods of the second class, typified by the wood 
saccharification process, are used extensively in Europe 
and in Japan for the preparation of alcohol by the fer- 
mentation of the soluble sugars. Recently a plant was 
completed in Springfield, Oregon, to hydrolyze wood and 
ferment the resulting sugars. Obviously the successful 
operation of this plant will depend largely upon the out- 
let of the lignin, since there are more economical meth- 
ods for preparing alcohol in this country. It has been 
stated (13) that for such a plant as this to operate 
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economically the by-product lignin must be sold for 
more than approximately one cent per pound. It can 
readily be seen, then, that if the lignin could be sold for 
only two or three cents per pound, this process would 
become commercially feasible. 

Wood Saccharification: This process consists essen- 
tially of treating wood chips or sawdust shavings with 
dilute sulfuric acid at temperatures between 160° and 
190°C under pressures varying from 8 to 10 atmos- 
pheres. The cellulosic material is hydrolyzed to soluble 
sugars, while the lignin remains as a solid residue. This 
lignin is very pure, has little ash, and briquettes easily. 
At present it is being used only as a fuel to supply heat 
for plant operations. 

The laboratory methods of preparation may be di- 
vided into the same two classes as were the commercial 
delignification processes. However, a preliminary treat- 
ment of the lignocellulose material is necessary before 
attempting to prepare lignin by any of the standard 
chemical methods. This includes the removal of ex- 
tractives, such as resins, volatile oils, fats, etc., with or- 
ganic solvents, preferably with a 1:2 alcohol-benzene 
solution. A dilute sodium hydroxide solution may be 
used for the extraction, although there is danger of 
losing some of the lignin which is soluble in this reagent. 

It must be remembered that lignins isolated by any 
two methods are not exactly alike owing to the different 
chemical reactions which occur during the separation. 
The reagents which are commonly used in the laboratory 
to remove lignin, as a soluble product, from the ligno- 
cellulose are aqueous and alcoholic alkali solutions, 
alcohols, phenols, and organic acids. Those which are 
used to separate the lignin as an insoluble residue are 
concentrated sulfuric acid, fuming hydrochloric acid, 
anhydrous hydrofluoric acid, and cuprammonium 
solution. 


CHEMICAL STRUCTURE 


It was mentioned previously that the constitution of 
lignin varies with its source and mode of isolation. 
However, certain constituent groups have been found 
present in almost every lignin, and it may be rightfully 
assumed that these groups are definitely a part of the 
lignin molecule. “ 

Freudenberg and his associates (14) have concluded 
that one or more methoxyl groups are attached to an 
aromatic nucleus. They discovered that the rate of 
removal of this group from lignin and vanillin by hydri- 
odic acid was approximately the same. On the other 
hand, from an aliphatic compound, such as 3-methyl- 
glucose, 96 per cent of the total methoxyl was removed 
in 20 minutes. With lignin and vanillin a much longer 
time was required. 

Rather conclusive evidence for the presence of hy- 
droxyl groups is given by the alkylation and acetylation 
of lignin (15, 16). Complete methylation of the hy- 
droxyl groups can be effected with dimethyl] sulfate and 
alkali. Since diazomethane methylates only a part of 
the total hydroxyl content, it may be concluded that 
some of these groups are phenolic or enolic. 
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The presence of the carbonyl group in lignin prepara- 
tions has not been definitely established although there 
is reason to believe that it does exist. Powell and Whit- 
taker (/7) reported that their lignin reduced Fehling’s 
solution and concluded that an aldehydic group was 
present. Brauns (8) treated native lignin with meth- 
_anol-hydrochloric acid and found that the lignin com- 
bined with two methoxyl groups which were removed 
when the product was treated with 72 per cent sulfuric 
acid. He considers these results as evidence for the pres- 
ence of a carbonyl group. This same investigator has 
also prepared a hydrazone containing 13.3 per cent 
methoxyl from native lignin which further supports 
the theory that lignin contains a carbonyl group. 

The aromatic nature of lignin has been established 
beyond much doubt owing chiefly to the fact that when 
lignin is decomposed by means of dry distillation, oxida- 
tion, hydrogenation, etc., many different types of aro- 
matic compounds are produced. In addition, there are 
formed many simple aliphatic compounds, and it is be- 
lieved that these must be a part of the end groups and 
oxygen residues of the aromatic nuclei. 

Freudenberg (18) has postulated that if the oxygen 
and oxygen residues in lignin were removed through 
hydrogenation, phenylpropane would be obtained, and 
that this is the basic unit in the lignin molecule. He as- 
sumes that these phenylpropane units are joined through 
ether linkages between a phenolic hydroxyl and an al- 
cohol group in the side chain. Hibbert obtained prod- 
ucts of the phenylpropane type and has thus given 
more basis for the views of Freudenberg. The most 
interesting substances produced by Hibbert to sub- 
stantiate Fruedenberg’s theory are: vanillin; 6-hy- 
droxyl-a-(4-hydroxyl-3-methoxylphenyl)-a-propanone; 
a-hyrdoxyl-a-(4-hydroxyl-3-methoxylpheny])- 8-propa- 
none;  a-(4-hydroxyl-3-methoxyl-phenyl)-a, 8-pro- 
panedione; and a-(4-hydroxyl-3-methoxylphenyl)-8- 
propanone (/9). 


UTILIZATION OF LIGNIN AND ITS FUTURE 


Lignin as a large-scale product of commerce is quite 
useless at present, but as may be expected from a con- 
sideration of its enormous supply, a few minor uses have 


been found. The fact that it contains free hydroxyl 
groups and is naturally thermoplastic has drawn much 
attention to its possible use as a constituent of plastics. 
Its chief use as a plastic material at the present time ap- 
pears to be as an extender for the phenol-aldehyde res- 
ins. The lignin may be added directly to the resin in 
the kettle or it may first be condensed with the phenol 
and the product treated with the aldehyde under vari- 
ous conditions (20, 21, 22). Masonite board, an insu- 
lating material, is prepared by exploding wood chips 
with high-pressure steam (23). The lignin, already 
present in the wood, adds the desirable qualities of 
strength and thermoplasticity to the final product. 
Alkali lignin is also used as an organic expander in the 
negative plates of storage batteries. The lignin evi- 
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dently inhibits the crystallization of lead sulfate on the 
lead plate during discharge, thus increasing the dis- 
charge capacity. Sulfite waste liquor is often used in 
its natural form as an adhesive or it may be compounded 
to serve the same purpose. The partially concentrated 
liquor is useful as a dust binder on unpaved roads. 
Other minor uses of sulfite waste liquor depend upon its 
colloidal nature in the preparation of aqueous emulsions 
for insecticides, asphalt for road treatment, and deter- 
gents for the textile industry. 

It is less likely that lignin will be a liability rather 
than an asset, now that the versatile hands of a few 
chemists and wood technologists have revealed some of 
its secrets and potential power as an industrial raw ma- 
terial. The tremendous annual waste of lignin is one of 
the greatest challenges to our scientists and industrial- 
ists. There should be much more applied and funda- 
mental research on such a cheap and abundant material 
—a, prodigy of the plant kingdom. 
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SYNTHETIC DETERGENTS AND SURFACE 
ACTIVITY’ 


dust As sILK stockings have largely been replaced by 
uylon, so has soap been replaced for a number of uses by 
modern synthetic products, also the result of intensive 
chemical research. Although synthetic detergents, 
sometimes termed soapless soaps, first appeared back in 
1920’s, many people did not realize their real signifi- 
cance until the war period when soap was difficult to 
get here at home. Then special soap-synthetic com- 
binations had to be supplied in huge quantities to our 
Army and Navy to do a good cleaning job in all kinds 
of water and even in sea water. Producers of syn- 
thetics did their best to meet the emergency needs, so 
that we now have a synthetic detergent industry 
amounting to more than a half-billion pounds a year. 

Before taking up surface activity in general, and 
specific types of agents in particular, it would seem 
desirable to have an understanding of some of the prin- 
ciples involved in cleaning so as to see why some chemi- 
cal compositions are better for the purpose then others. 


NATURE OF SOIL 


Whether on the hands, clothing, table linen, dishes, 
walls, or floors, soil may be considered as much the 
same, differing in amount rather than in kind of 
materials present. It consists of water soluble ma- 
terials which can be easily rinsed away and therefore 
offer no real cleaning problem, along with insoluble 
substances such as lint, dust, soot, some types of pro- 
teins and oily matter, which have to be wet, loosened, 
and then removed by mechanical friction or rubbing. 
These are what make cleaning difficult, particularly the 
oily matter, itself complex and more or less sticky and 
adherent, causing otherwise loosely adherent solid 
and sooty soil to cling to fabrics and to smooth surfaces. 

The oily part can be considered as a mixture of grease 
of the lubricant type, of food oils and fats—that is, 
saponifiable oils—and of traces of free fatty acids. 
The latter are formed when saponifiable oils turn 
rancid or decompose. Soil is almost always found 
to be moderately acid, so that acids other than those 
formed from the decomposition of fat are. no doubt 
present. The proportions of these different ingredients 
vary with the type of article or surface being cleaned, 
but all are important. 

As a matter of fact, scientists, who have worked on 
detergent problems, consider that soil consists of solid 
particles lightly coated with an oil film. This is the 
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principle on which “standard soil” for laboratory studies 
is based. The problem, then is to remove more or 
less oily particles of dirt. 


NATURE OF CLEANING 


In order for a solution of soap or synthetic detergent 
to remove soil, it must first wet it. Plain water fails to 
do this because of the oiliness. That is why your. 
windshield is not washed clean during a rainstorm; 
the rain water fails to wet the oily film on the glass and 
so runs off zigzag in streamlets. When a detergent is 
present, the solution wets both glass and soil so that the 
latter can be readily loosened. The same is true in 
washing dishes and in washing clothing; wetting the 
soil and the surface to be cleaned is the first step, 
including penetration of the solution to the under- 
lying surface to which the soil sticks. 

The next requirement is that the soil be separated 
into small particles dispersed throughout the detergent 
solution, and prevented from coagulating into clumps 
which might settle again on the cleaned articles. In 
other words, the cleaning solution must have both 
wetting and dispersing power. If the soil were oil 
only, the detergent would have to remove the oil 
and keep it dispersed in fine droplets, which means 
that a detergent is also an emulsifying agent. A good 
detergent like soap is high in wetting power, in ability 
to emulsify oil, and in dispersing power—the ability to 
suspend solid particles and prevent their redeposition. 
Alkaline salts such as sodium carbonate, phosphate, 
and silicate, neutralize the acid present in soil, an im- 
portant factor in the presence of soap, and one which 
makes them extremely useful as soap builders, but a 
less important factor in the presence of synthetic deter- 
gents. However, synthetic detergents can be built, 
and we will go into that later. Soil also commonly 
contains saponifiable fats and fatty acids. Alkaline 
salts react with the latter to form soap. Even though 
the amount may be only a trace, this soap is extremely 
effective in cleaning because it is formed in the dirt itself. 

But this is straying a little from the subject. Syn- 
thetic detergents were originally developed not because 
of a scarcity of soap but to overcome its disadvantages. 
While soap is the best possible general cleaning agent in 
soft water, it is not so good—in fact it is pretty bad— 
in hard water. The calcium and magnesium salts which 
make the water hard give soft gummy precipitates by 
reaction with soap, and these stick to the article being 
cleaned and are as difficult to wash off with excess soap 
as the original soil itself. Consequently, in hard water 
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the first part of the soap added is consumed in softening 
the water, and only after the water is softened will the 
excess do the cleaning for which it was intended. 

This inconvenient property of soap involves not only 
additional labor in cleaning but increased cost. It has 
been estimated that if the amount of soap required per 
family per year in water of zero hardness costs $1.65, 
the cost with water of 10-grain hardness or 170 p. p. m. 
calculated as calcium carbonate, would be $8.99, and 
with water of 35-grain hardness or 600 p. p. m. $28.42.2 
This last value for hardness is extreme. Municipally 
softened water may contain 3-5 grains of hardness per 
gallon. For example, St. Louis softens its water to 
about 5 grains. Some cities use hard water—like 
Champlain-Urbana with 17.5 grains, Dayton with 21 
grains, and Canton, Ohio, with 30 grains of hardness. 
Probably an average figure more or less representative 
. of the hard water of the country would be 10 grains 
per gallon or 170 p. p. m. It is therefore desirable 
for general household cleaners to be effective in water 
of at least this degree of hardness. 


NATURE OF SURFACE-ACTIVE AGENTS 


In comparison with soap all synthetic detergents are 
resistant to hard water and also to mild acidity, which 
decomposes soap with the formation of insoluble fatty 
acids. Synthetics naturally differ among themselves 
with respect to these properties because of wide dif- 
ferences in chemical structure. Some compositions are 


better suited to one application, some to another. 

Many types of compounds have been developed 
having surface-active properties, and thousands of 
patents have been issued to cover such compounds. 

Some are merely wetting agents to give improved 
wetting power on different types of surfaces and in 
different media, while others are detergents having 


efficient cleansing action. Actually wetting agents 
merge into detergents, so that a strict line of demar- 
cation cannot always be drawn. 

In addition to original use as téxtile agents, many 
applications have been found in widely divergent in- 
dustries. Because of very different uses many com- 
pounds have been synthesized or “tailored” to meet 
particular needs. Wherever wettability of a surface is 
a factor special surface-active agents become useful, as 
in spraying vegetation with an emulsion that will 
actually wet the leaves, in cleaning dairy equipment 
and preventing the formation of ‘‘milkstone,” in dis- 
persing pigment in both oil and water paints, in washing 
and sterilizing bottles, in cleaning metals prior to plating 
in emulsifying oils and waxes in cosmetic products, etc? 

All surface-active agents, including soap, combine 
polar and nonpolar groups in the molecule; this is 
about all that the many types have in common. For 
example, take a soap such as sodium stearate, which 
has the formula CH;(CH:);sCOONa, or RCOONa, 
where R, the nonpolar group is a C7 alkyl chain and 
COONa is the polar group. This would be an excellent 
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detergent in hot water, say at 140°F, which is fre- 
quently used in commercial laundries; in cold water its 
solubility is too low for it to have the same degree of 
efficiency. In fact, sodium stearate is a major in- 
gredient in commercial laundry soap. The balance 
achieved in soap between the polar group at the end, 
and the straight hydrocarbon chain to which it is at- 
tached, appears to be ideal for detergent ability. The 
reactivity of this particular polar group,—COONa, 
constitutes its greatest disadvantage. 

The polar groups most frequently used in surface- 
active agents to produce water solubility include sul- 
fate, —OSO;Na; sulfonate,—SO;Na; amine —NH; 
amide, —CONH:; other substituted nitrogen groups; 
and oxygen-containing groups such as ester,—COOR; 
hydroxy, —OH; and ether, ROR. The presence of 
unsaturated bonds in a hydrocarbon radical also pro- 
motes water solubility. Acid groups such as sulfate 
and sulfonate are usually neutralized, mostly with 
caustic soda; basic groups such as amine and sub- 
stituted ammonium are also neutralized, mostly with 
hydrochloric acid, thus giving organic salts in both 
cases. 

The relative balance between the two opposites— 
polar and nonpolar groups—determines the degree of 
surface activity of the compound. The general phe- 
nomenon of surface activity is related to the extent of 
concentration of the molecules of the substance at the 
surface of a solution and to the degree of orientation of 
these concentrated surface molecules. In aqueous 
solution soap molecules are pictured as concentrating 
and lining up in the surface layer in more or less parallel 
rows, with the —COONa group in the solution and the 
hydrocarbon group sticking out toward the air. Ata 
water-oil interface, the —COONa group in the surface 
molecules would be dissolved in the water, the hydro- 
carbon group in the oil. 

Detergents.are in addition distinguished by the fact 
that within the solution groups of ions or molecules 
become associated to form micelles. With anion-active 
detergents such as soap these micelles are negatively 
charged. Because of their ability to associate in this 
way they are termed colloidal electrolytes. 

As the chain length of the nonpolar portion is in- 
creased, the solubility of the compound in water is 
decreased. A relatively high molecular-weight non- 
polar or hydrocarbon portion is desirable for agents to 
be used as detergents, while a relatively low molecular- 
weight nonpolar portion usually gives greater effective- 
ness as a wetting agent. Lathering properties are re- 
lated to solubility and to surface orientation. If an 
agent is too soluble or too insoluble it will not produce 
a copious lather. The detergent types of surface- 
active agents have been found to be better foam pro- 
ducers than the strictly wetting-agent types of products. 

Branched-chain hydrocarbon groups give marked 
wetting power; the more closely packed straight-chain 
hydrocarbon groups give good detergency. Placing 
the water-solubilizing or polar groups in the middle of 
a branched chain increases wetting power; placing 
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the polar group at the end of a long straight-chain 
hydrocarbon group increases the group of properties 
which make for detergency. 

Other effects of chemical structure can perhaps be 
brought out best by a discussion of the more important 
types under which surface-active agents may be classi- 
fied. 


Types of Surface-active Agents 


Classification is difficult because many compounds 
produced in small amounts do not fit into any of the 
general classes which can be selected to cover fairly 
closely related types of compounds The following 
have been chosen for discussion purposes. With each 
class are given one or more examples of the better 
known commercial products designated by trade name: 


(1) Sodium salt of sulfonated alkyl aryl compounds: 
Nacconol NR, Santomerse 1, Oronite, Swerl. 

(2) Sodium alkyl sulfates and acyl glyceryl mono- 
sulfates: Duponol WA, Gardinol WA, Arctic 
Syntex M, Igepon AP, Dreft, Vel. 

(3) Sodium alkyl sufonates: MP189. 

(4) Sodium dialkyl monosulfosuccinates and alkyl 
sulfoacetates: Aerosol OT, Nacconol LAL. 

(5) Sodium salt of sulfated and sulfonated amides: 
Igepon T. 

(6) Sulfated and sulfonated oils and their sodium 
salts: Turkey red oil. 

(7) Cation-active compounds including alkyl pyre- 
dinium chlorides and quaternary ammonium 
salts such as benzyl trialkonium chlorides: 
Ceepryn, Roccal, Zephiran. 

(8) Nonionic compounds such as complex fatty-acid 
amides, complex ethers, and partial esters of 
polyhydric alcohols: Santomerse DT, Triton 
NE, Spans, Tweens, Pergal O. 


The nature of the compounds in each class can be 
brought out better by a discussion of each. 

(1) Sodium Salt of Sulfonated Alkyl Aryl Compounds. 
The alkyl aryl sulfonates are the most important com- 
mercially of the synthetic detergents, as represented by 
some of the Nacconol and Santomerse products. More 
than twice as much of this type is produced as of any 
other class. Because of their greater importance they 
will be discussed more fully than the other types. 

The general formula is RASO;Na, where R repre- 
sents an alkyl group, and A an aryl group. Because 
the sulfonate or water-solubilizing group is on the aryl 
radical, the former maintains its desirable polar proper- 
ties and at the same time ensures a chemically stable 
compound. A solution of the detergent gives a copious 
lather. 

A method of preparation which is much used is first to 
chlorinate kerosene or a similar close-cut petroleum 
fraction. Research has shown that the chain length of 
the alkyl group is desirable from Cy, to C1 when this 
is attached to the benzene ring. This is sombtimes 
termed a “‘keryl’”’ group because it corresponds more or 
less to kerosene. The chlorinated hydrocarbon reacts 
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with benzene in the presence of aluminum chloride as 
catalyst—the Friedel and Crafts reaction. The re- 
action product is then fractionally distilled under 
vacuum and sulfonated. The sulfo group becomes 
attached to the benzene ring, probably some in the 
para position and some in the ortho position, although 
it is customary to describe it as the para compound. 
The process of sulfonation is intended to give a mono- 
sulfonate, although some disulfonate is probably 
formed. 

The sulfo group is neutralized, ordinarily with sodium 
hydroxide, although small amounts of such other agents 
as ammonia and amines are used to give special prod- 
ucts. Excess sulfuric acid from the sulfonation proc- 
ess is neutralized at the same time, accounting for 
part of the sodium sulfate normally present in the 
finished product. Manufacturers find it convenient 
to get a product of 60 per cent active agent and 40 
per cent sodium sulfate in this way, which is then 
usually further built to 40 per cent active agent, or even 
a little less. The role played by the inorganic salt is an 
important one, which will be discussed later. 

For maximum effectiveness as a detergent the total 
chain length of a straight-chain hydrocarbon should be 
about Cy, to Cis. When the benzene group is intro- 
duced it has been found to be approximately equiva- 
lent to a C, straight chain. This explains the desired 
Cy. alkyl group in the alkyl aryl sulfonates. However, 
a practical point arises in that we are not too sure how 
many straight-chain groups are present. 

In other words, during chlorination the chlorine atom 
is likely to attach itself somewhere within the chain 
rather than to a terminal carbon atom. This results 
in a mixture of isomers, a fact necessarily ignored when 
drawing a graphic formula—which represents a prob- 
able average composition. A similar situation arises 
when an unsaturated hydrocarbon is condensed with 
benzene to give substantially the same end product. 

Instead of benzene, other products contain naph- 
thalene as the aromatic group in the compound. In 
view of the foregoing discussion it will be seen that the 
alkyl group will need to be shorter than that added to 
benzene, in order to give a total hydrocarbon radical 
which is not too large to balance the small polar sul- 


fonate radical. 
cee 


—S—6 


Na 


Nony] naphthalene sodium 
sulfonate 


Ci2Hos 


o—S=0 


ba 


Dodecyl benzene sodium 
sulfonate 


The alkyl aryl sulfonates are used mostly as general 


detergents. As already indicated, they are particularly 
useful in hard-water areas to replace soap, and in acid 
solution in certain industrial processes. They are com- 
pounded in varying proportions with alkaline salts to 
give numerous branded household cleaners. The alkyl 
aryl sulfonates are particularly good for washing wool. 
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They are not as effective on cotton, their action being 
very slow. 

(2) Sodium Alkyl Sulfates and Acyl Glyceryl Mono- 
sulfates. Next in importance to the alkyl aryl sulfonates 
are the alkyl sulfates, which were the first synthetic 
detergents to become commercially successful on a large 
scale, typified by the Duponols and Gardinols. The 
general formula is ROSO;Na, in which R is a hydro- 
carbon radical of chain length Cs to Cis, usually a 
straight chain although it may be branched. The 
structure is closely related to that of soap; the water- 
attracting group in soap, —COONa, has been replaced 
by —OSO;Na, while the hydrocarbon radical is es- 
sentially the same in both. 

In fact, the raw materials are the same as for soap, 
namely, saponifiable oils. Coconut oil is the one most 
used, as it gives a mixture with a desirable average 
chain length, often referred to as lauryl or dodecyl. 
The fatty acids present in the oil as glycerides are cata- 
lytically reduced with hydrogen to the corresponding 
alcohols. The alcohols are then esterified with sulfuric 
acid and excess acid is neutralized, usually with sodium 
hydroxide. 

As with the alkyl aryl sulfonates, excess sulfuric acid 
remains from one step in the manufacture and is neu- 
tralized at the same time as the combined sulfate group. 
This results in a final mixture of the detergent and the 
inorganic salt, sodium sulfate. Although the starting 
material is the same as that for soap the processing is 
more involved, so the final cost per pound of organic 
agent is necessarily greater than that of soap. 

Alkyl sulfates are excellent hard-water detergents, 
even better than the alkyl aryl sulfonates. Since the 
compound is an ester, the alkyl sulfate is less stable 
in strongly acid solutions than the alkyl ary] sulfonate. 
The alkyl sulfate is also less stable in hot water, al- 
though not sufficiently so for this to be a detrimental 
factor in laundering. Alkyl sulfates are more soluble 
than alkyl aryl sulfonates. They lather copiously, 
even in cold water and in hard water. The commercial 
shampoo, Drene, whose active ingredient is alkyl sulfate, 
illustrates a special case of the strong foaming and 
strong emulsifying power of this class of agents. The 
alkyl sulfates make excellent hard-water detergents and 
in the textile industry are especially good for scouring 
raw wool. 

Related to the alkyl sulfates are acyl glyceryl mono- 
sulfates, with the general formula, RCOOCH,CH(OH)- 
CH,0SO;Na, in which R represents a chain of length 
of about Cys, as in Arctic Syntex M, the active ingredi- 
ent in the powdered detergent Vel, and in the shampoo, 
Halo. To make the compound, glycerol is esterified 
with one molecule of a fatty acid and with one molecule 
of sulfuric acid to give a mixed di-ester, which is then 
neutralized with caustic soda. Such products are 
relatively new on the market as detergents although old 
in some more restricted fields. The raw materials 
make them rather costly. 

Acyl glyceryl monosulfates are quite similar in prop- 
erties to alkyl sulfates. They are very soluble, ex- 
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cellent emulsifiers, and high in lathering ability. 

(3) Sodium Alkyl Sulfonates. Also rather new, 
alkyl sulfonates may be represented by the formula 
RSO;Na, in which R is a chain length varying from 5 to 
14 carbon atoms, with a preponderance of the longer 
ones. As in all sulfo and sulfonate compounds, the 
hydrocarbon radical is connected directly tothe sulfur 
atom of the polar group, while in sulfates the hydro- 
carbon radical is connected to an oxygen atom in the 
polar group. 

These compounds are made from a petroleum fraction 
which is sulfonated with sulfur dioxide mixed with 
chlorine, rather than with sulfuric acid. Sodium sul- 
fate makes a desirable additive, as with the other clas- 
ses already mentioned. 

Alkyl sulfonates resemble aryl alkyl sulfonates in 
properties but are not quite as high in detergent value. 
However, they are finding a place as inexpensive hard- 
water detergents. They are also stable in strong acid 
and strong alkali and foam reasonably well, although 
the volume of foam is not as great as that with the 
alkyl aryl sulfonates. The importance of this agent 
is such that a new plant is being constructed by du 
Pont—the only manufacturer—to more than double 
the capacity. Earlier attempts by other companies to 
produce alkyl sulfonates were not successful because 
of lack of control of the hydrocarbon chain length, re- 
sulting in nonstandard products which never achieved 
commercial success. 

(4) Sodium Diakyl Monosulfosuccinates and Alkyl 
Sulfoacetates. Diakyl monosulfosuccinates were de- 
veloped within the last 10 years. The general formula 
is: 

Na0;S—CHCOOR 


H.COOR 


The hydrocarbon radical, R, is varied in length to give 
a series of compounds, the best known being Aeroso! 
OT, in which R is CsHi; giving the dioctyl sulfosuc- 
cinate. The starting material is not succinic acid 
but fumaric or maleic acid, CHCOOH. By reaction 


| 

CHCOOH 
with the proper alcohol, an ester is formed containing 
the desired alkyl group. The ester then reacts with 
sodium bisulfite, which adds on the double bond. Be- 
cause expensive raw materials are used the cost of this 
agent is necessarily high in comparison with other 
types. The branched-chain compound with a high 
proportion of water-attracting groups gives high wetting 
power but little detergent value. 

These products are of chemical interest because the 
effect on their properties by varying the chain length 
of the alkyl groups has been studied in some detail. 
For instance when R is CipHa, the solubility in water 
is only 0.15 per cent. As the length of chain is reduced, 
solubility increases, until at C,Hy it is 32 percent. The 
C, ester is too soluble to have strongly surface-active 
properties, but if dissolved in a 20 per cent solution of 
electrolyte such as sodium sulfate, it is nearly as effec- 
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tive as the Cs, ester in plain water. Those of you 
who have had colloid chemistry and remember the 
effect of electrolytes in coagulating colloids will see 
that the same principles apply to colloidal surface- 
active agents. 

The sulfosuccinates find applications in dyeing; in 
fact, the claim is made that more than 50 per cent of all 
package dyeing is done with these agents. 

(5) Sodium Salt of Sulfated and Sulfonated Amides. 
Among the more important surface-active compounds 
developed at an early stage was Igepon T, produced 
first in Germany by the I. G. Farbenindustrie, and 
later in this country by the General Aniline Company. 
This is a specific amide with the formula C,;H;;CON- 
(CHs)CH2SO;Na. 

The compound is fairly expensive because of use of 
rather costly starting materials and several processing 
steps. Oleyl chloride is made and condensed with the 
sodium salt of n-methyl taurine. The final compound 
possesses fair detergent properties and is stable in 
mildly acid and alkaline solutions. Its principal use 
is as a textile agent. 

(6) Sulfated and Sulfonated Oils and Their Sodium 
Salts. Although usually referred to as sulfonated, 
actually fatty oils treated with sulfuric acid are sulfates, 
and may be represented by the formula R(OSO;Na)R’, 
in which the sulfate is not an end group. The most 
common sulfated oil is Turkey red oil or sulfated castor 
oil, familiar for many years to the textile industry. Be- 
cause the principal acid radical is ricinoleic, having both 


a hydroxy group and an unsaturated bond, it is possible 
to have two sulfate groups in the same hydrocarbon 
radical after reaction with sulfuric acid, one esterified 
with the hydroxy group, and one added to the double 
bond. As a result the balance between polar and non- 
polar radicals is such that the product has wetting 


power but little detergent value. Several other oils 
are sulfated industrially but in much smaller quantity 
than castor oil. 

(7) Cation-active Compounds Such as Quaternary 
Ammonium Salts. Cation-active agents are the op- 
posites of the more common anion-active agents, to 
which class all of those discussed up to this point belong. 
In the cation-active agents, the effective radical in 
terms of surface activity is positively charged; in the 
anion-active agents such as soap and the synthetics 
already described the effective radical is negatively 
charged. 

The general formula may be written as (Ri:R2R;R,)- 
NX, in which R stands for similar or dissimilar alkyl 
groups with at least one and preferably only one over 
8 carbon atoms in length, or a cyclic group may be 
present. The latter is typified by dodecyl dimethyl 
benzyl ammonium chloride, the active ingredient in 
Roccal and Zephiran. X is a halide, usually chloride 
but sometimes bromide; dodecyl represents the average 
from the mixture obtained from the coconut oil. 

Some cation-active agents are high in detergent prop- 
erties. In general they possess marked foaming, dis- 
persing, and emulsifying ability. Their high cost 
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prevents general use as detergents except when their 
characteristic properties are of special significance. 
Since they are extremely powerful antiseptics, they are 
generally used where bactericidal action is needed. 
Although several times as expensive per pound as coal- 
tar disinfectants their potency as bactericides has 
created a place for them in sanitation. In addition 


.to having a very high phenol coefficient they are non- 


irritating to the skin, noncorrosive, and nontoxic. 
They can therefore be used much more freely than 
cresols and phenol. 

For example, important applications are as detergents 
for use in mechanical diswashing, for sanitizing eating 
utensils and glassware in restaurants and bars, and as 
detergents and sterilizing agents in many food-proc- 
essing industries, including fisheries, bakeries, etc. 
They cannot be mixed with soap or other anion-active 
detergent, since the two large radicals of opposite 
charge precipitate each other, so that the activity of 
both types of agents is lost. During the war the cation- 
active agents proved extremely useful for cold sterili- 
zatien of surgical instruments, and to surgeons in the 
field for prewashing or scrubbing up before operating. 

(8) Nonionic Compounds. Another class, the non- 
ionic compounds, cannot be illustrated by a general 
formula because of their varied nature. Instead of 
having one, two, or three polar groups in the compound 
usually several oxygen or nitrogen atoms, or some of 
both, are distributed throughout the compound. For 
example, 10 to 16 mols of ethylene oxide have been 
added to an alcohol or phenol in Triton NE. 

These products are usually liquids. Recently a 
nonionic liquid detergent was produced by the Mon- 
santo Chemical Company under the name of Santo- 
merse DT. This is dodecyl] diethylene triamine. It is 
a good detergent but does not lather, which may seem 
a defect in the eyes of most people who are accustomed 
to associating detergency and lathering power. Since 
these agents are nonionic, they cannot be built effec- 
tively with inorganic salts and differ in this respect from 
both anion-active and cation-active agents. Nonionics 
may be combined with soap or with anion-active syn- 
thetic detergents. A useful combination has been 
found of a nonionic with an alkyl aryl sulfonate; the 
former increases the solubility of the latter 2 to 3 times 
so that higher concentrations can be prepared for special 
purposes, such as shampoo liquids. 


SPECIAL APPLICATIONS 


I might mention a few specific applications of surface- 
active agents. During the war millions of man-hours 
were saved by application of surface activity. To 
illustrate with an example from the Delco plant of 
General Motors: They were making undercarriage 
parts for bombers. Originally, the parts were ma- 
chined, spray-cleaned with an alkaline cleaner, dried, 
coated lightly with oil,andshipped. At theotherend they 
were unpacked, cleaned, dried, and put on the assembly 
line. Here is what surface activity did: The original 
cleaner was changed to an emulsion cleaner from which 
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the metal parts sorbed a protective layer only a few 
molecules thick by preferential wetting. The cleaned 
parts were simply packed with no further coating or 
drying, no cleaning at the other end. They would not 
rust in less than 30 days. 

The rayon industry owes a great debt to surface 
activity. The platinum spinnerettes through which 


the plastic filaments emerge accumulate two types of. 


deposits, one in the orifice, the other as craters around 
the orifice. Cation-active agents or nonionic agents 
sorbed on the platinum will delay the accumulation so 
that only about one tenth as many spinnerettes have to 
be removed and cleaned per day. 'A great mass of 
contradictory patent literature can be found on this 
subject. 


METHODS OF EVALUATION 


In developing new surface-active compounds, in 
studying different structures, and in comparing the 
effects of different builders, it is necessary to have some 
method of evaluation. Rapid and simple preliminary 
studies which prove useful in studying surface activity 
are determinations of surface tension and of interfacial 
tension. For this we use the du Nuoy tensiometer 
which gives absolute rather than empirical values. A 
low surface tension means that the solution will dis- 
place air better than plain water will. A low interfacial 
tension against a surface means that the solution will 
wet that surface better than plain water will. 

Effective surface-active agents reduce surface tension 
from about 72 dynes per cm. for plain water to a range 
of 25 to 35 dynes per cm. for a solution of a surface- 
active agent. They will reduce interfacial tension 
against benzene containing 0.1 per cent of oleic acid— 
the nonaqueous phase standard in our laboratories— 
from about 29 dynes per cm. for plain water to 5 dynes 
per cm. or less. 

Another method for preliminary studies of surface- 
active agents is measurement of dispersing power. A 
method that we developed which has proved very useful 
is to determine the ability of the sample solution to 
disperse fine particles of oiled umber, which is iron 
silicate. Two hundred mesh umber is coated with 4 
per cent by weight of a mixture containing one per cent 
of oleic acid and the balance a 1:1 mixture of cotton- 
seed and light mineral oils. Since most solid soil is 
lightly coated with oil, we feel that the slightly acid 
oiled umber can be considered fairly representative of 
soil particles. 

A definite weight of oiled umber is added to 100 ml. 
of the solution of agent under investigation and the 
Nessler tube containing this mixture is inverted 20 
times, then allowed to stand for 2 hours. At the end 
of this time 50 ml. of the suspension are removed from 
the middle of the column and poured into a modified 
Jackson electric turbidimeter. The height in centi- 
meters at which the light disappears is read. Dis- 
persing power is expressed as cm.~! X 100, so that the 
higher the value the better the dispersing power. 

Sometimes foaming ability of a new product is also 
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studied, although foaming power is not directly related 
to detergency. Further studies made with promising 
agents may be carried out in the Launderometer, or 
what we consider even better, in a typical household 
washing machine. So many factors enter into deter- 
gency that final comparative results are best made by 
by actual washing tests in which variables are controlled 
as far as possible. 

This means that the temperature and time of washing, 
concentration of agent, hardness of water, ratio of load 
to volume of wash liquid, and type of soiled material 
are all fixed. Reflectance of the gray standard soiled 
cotton cloth is read before and after washing, in a 
Pfaltz and Bauer glossometer, in order to determine the 
amount of soil removed or per cent of brightness re- 
gained. Comparative values can be obtained showing 
the relative effectiveness of different agents when used 
to wash standard fabrics under identical conditions. 


LABORATORY RESULTS 


Anion-active agents can be very effectively built with 
sodium sulfate, some of which is normally present from 
the manufacturing process, and more of which is added 
to decrease the cost of the final product. Commercial 
aryl alkyl sulfates are frequently about one-third 
organic detergent and two-thirds inorganic builder such 
as sodium sulfate. Commercial alkyl sulfates may 
even be one-quarter organic detergent and three- 
quarters sodium sulfate. The surprising thing is that 
such a large amount of inorganic material possessing 
no surface activity of itself can be added without de- 
tracting seriously from the surface activity of the or- 
ganic material. 

To illustrate this, interfacial-tension and dispersing 
power values have been determined as follows: 

Inter- 
facial 0.025% 
agent 


0.175% 
NaSO, 


Dispersing Power . 
0.05% 
agent 

0.2% 0.15% 

agent NaSQ, 


Surface 
Tension Tension 
Dynes per cm. 


Agent at 0.2% Cone. 


25.7 4.7 
Alkyl aryl 
sulfonate 31.9 2.6 2.1 
Alkyl sulfate 32.7 2.9 2.2 


A few figures may be of interest to show results of 
actual washing tests under identical conditions with 
standard soiled cotton cloth in 15-grain or 255-p. p. m. 
hard water. 

% Brightness 
Agent Regained 


Ivory soap flakes : 53.7 
Ivory soap flakes ; 23.5 
Nacconol NR : 33.0 


With Ivory soap and Nacconol NR at the same con- 
centration of 0.2 per cent, the synthetic does a better 
cleaning job. But with sufficient excess of soap to 
soften the water and serve as detergent, that is, at 
a concentration of 0.3 per cent, the soap is far superior. 
I might add that an experimental agent tested in this 
same series gave negative detergency. In other words, 
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mechanical cleaning alone—the blank— removed more 
soil than when the agent was added. Possibly the 
agent itself was sorbed by the soil, so that the effect 
was to add solids instead of removing them. 

Our experience shows that in distilled water soap is 
by far the most surface-active of any of the agents 
which we have studied. A great deal of research con- 
tinues in many laboratories throughout the country 


Tue prosien of maintaining a system under the con- 
stant pressure of a gas recurs frequently in the physical 
laboratory. It is desirable that a manostat be simple 
to construct and to operate, be adequately sensitive, and 
be adaptable to the control either of vacua or of pres- 
sures above one atmosphere. For the control of vacua 
a simple Cartesian Diver type of manostat now is com- 
monly employed. An analysis of the operation of a 
typical design! indicates that the pressure fluctuation. 
is less than 1 per cent at pressures below 1 atm. but that 
it increases linearly with the pressure. 

Constant pressures somewhat above an atmosphere 
may be required in the laboratory to maintain flow of a 
gas or liquid through an orifice, for example, or to fix 
the temperature of a boiling liquid thermostat. Whena 
flow is to be maintained against atmospheric pressure, 
fluctuations due to the manostat are of significance rela- 
tive not to the total pressure but to the difference in 
excess of one atmosphere. Thus at 1.1 atm. a fluctua- 
tion of 1 per cent produces 10 per cent variation in the 
flow of a fluid against the atmosphere. The type of 
Cartesian manostat to which reference has been made, 
therefore, is not directly adaptable for the use discussed 
here. 

It is of interest to determine whether simple modi- 
fications of the Cartesian manostat may so improve its 
sensitivity characteristics that it will be useful at any 
pressure. Assuming the walls of the diver to be of 
negligible thickness and remembering that fluids may 
exert pressure only normal to a surface, it is clear that 
the diver is supported by a force equal to the product of 
its cross-sectional area by the pressure difference be- 
tween the gas within and without. But as the unmodi- 
fied manostat functions, an increase of pressure in the 
system surrounding the diver is accompanied by an in- 
creased pressure within the diver as the liquid is dis- 
placed. This opposing force may be removed by in- 
creasing the volume of the gas space under the diver, a 
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in the effort to modify the existing surface-active agents, 
either in structure or by blending materials, so as to ap- 
proach more closely in hard water the performance of 
soap in soft water. We still need to learn more about 
the underlying theory of these complex compounds. 
What is the real secret of detergent ability? Why is 
soap superior as a detergent under proper conditions? 
Many improvements are still to come in this field. | 

i 
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A SIMPLE MANOSTAT OF CONSTANT SENSITIVITY 


ROBERT D. GOODWIN 
Allied Chemical and Dye Corporation, Morristown, 
New Jersey 


conclusion previously implied.! In practice, rather 
than employ a diver of inconveniently great length, it is 
necessary only to place the diver vent in communication 
with a gas-reservoir, M, (Figure 1) of large volume rela- 
tive to the liquid displacement, at constant temperature. 
The sensitivity characteristics may be determined by 
employing the following symbols? (pressures are ex- 
pressed here as force per unit area): 


a, area of orifice opening, O. 

Apo, total cross-sectional area of the diver. 

A,, liquid surface area between float and container. 

A; = 0, cross-sectional area of the material of the walls of the 
diver (assumed of negligible thickness). 

Au, liquid surface area in manometer arm of U-tube. 

Po, initial pressure established in system. 

P, pressure of system at which diver or float pulls away from 
the orifice. 

P;, constant pressure to which gas is exhausted from the orifice. 

hy, distance the liquid surface between float and container is 
depressed at equilibrium under pressure P below the datum 
established when stopcock is open. 

ha, distance the liquid surface of area A, is raised above the 
datum with the system at pressure P. 

d, density of the confining liquid. 


Initial conditions for a pressure above 1 atm. are es- 
tablished by bleeding gas into the system at H from a 
source at high pressure while holding a finger over the 
orifice exhaust, stopcock 1 communicating three ways. 
When the required pressure, Po, is established, the gas 
is passed only into reservoir M until the diver rises 
just to the orifice. M is then isolated and the gas is 
bled directly into the system. The orifice is exposed to 
the atmosphere at P, when at the increased pressure, 
P, the diver pulls away from the orifice and the system 
reverts to the pressure Py. The pressure in M remains 
constant. As the liquid displacements now are second- 





1 Gilmont, R., Ind. Eng. Chem., Anal, Ed., 18, 633-6 (1946). 
2 Chosen, in so far as possible, to conform with those empleyed 
by Gilmont. 
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Because simplicity of design and operation are such 
desirable characteristics, the accomplishment of this 
modified Cartesian regulator should be compared with 


DO - -gyETEM: 





Ae a 

































































Figure 1. A Modified Cartesian Diver Type of Manostat 


ary effects,* the sensitivity may be obtained directly: 
the variation of vertical forces on the diver is simply 


(P — Po)Ao = (P — Pia 
or the reciprocal sensitivity is 
(P — Po)/(P — Pi) = a/Ao (1) 


* Too literal an interpretation of the Principle of Archimedes 
may have led to the minor error in theory which appears in Gil- 
mont’s analysis. In the second term on the left of his equation 
immediately following equation (3) appears the symbol Ag, the 
liquid surface area between the diver and vent tube. Since the 
liquid contained within the diver is effective only in so far as it is a 
measure of the gas pressure in the diver, Az should be replaced 
by the internal area of the diver. 
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that of a simple float in a U-tube,’ Figure 2. _ Here the 
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Figure 2. A Simple U-tube and Float Type of Manostat 


completely sealed float is just in contact with the orifice 
when stopcock / is open at Po. Upon closing the stop- 
cock, the pressure in large reservoir NV, at constant tem- 
perature, remains constant at Py and we have for the con- 
ditions of liquid displacement, liquid levels and vertical 
forces 

Aik, = Asha 
— Po = (hi + ku) 
(P — Pi)a = Aohd 


or a reciprocal sensitivity of 
(P — Po)/(P — Pi) = (a/Ao)(1 + Ai/Ad) (2) 


which is the same as equation (1) when A;/A, is the 
small fraction so easily fixed in practice. 

The important result found here is that the modified 
Cartesian manostat or the simpler U-tube regulator 
exhibits a known constant sensitivity equal to that of the 
conventional Cartesian device under its most favorable 
conditions of low pressure and high density of liquid.® 
Especially where it is required to fix a pressure relative 
to the atmosphere do we find here that the fluctuation 
remains a constant fraction of this difference. Relative 
to the total pressure the sensitivity at any pressure may 
be increased to the limit determined by the flow of gas 
through the orifice by the simple expedient of maintain- 
ing the pressure of the exhaust at a value close to that of 
the system. 





4 CaLpWELL, M. J., anp H. N. Baruam, Ind. Eng. Chem., 
Anal. Ed., 14, 485 (1942). 

5 Because pressures were expressed as height of confining liquid, 
the density failed to appear explicitly in the result of Gilmont’s 
analysis. 
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OLDER CHEMICAL LITERATURE MAY DESERVE RE-EXAMINATION 


Ir was been mentioned elsewhere (J. Coem. Epuc. 21, 
336, (1944)) that some older chemical literature is oc- 
casionally found to be pertinent to current research on 
problems which in earlier years commanded only aca- 
demic interest and therefore deserves re-examination in a 
new light. This is especially true with regard to the 
Russian scientific literature, which was never very com- 
pletely reported outside of Russia. 

Two groups of chemists enrolled in classes in Russian 
for scientists were recently given an assignment to 
acquaint themselves with the contents of the group of 
notes on naphthenes published in the Journal of the 
Russian Physico-Chemical Society listed below and to 
determine to what extent they were reported in Chem- 
isches Zentralblatt, Chemical Abstracts, and the abstracts 
in the Journal of the Chemical Society. The articles in 
question were: 


(1) “1,1,3,5-Tetramethyleyclohexane,” N. D. Zelin- 


skif and E. S. Przheval’skii, J. Russ. Phys.-. 


Chem. Soc., 37, 961 (1905). 
(2) “1,3-Dimethyl-2-ethyleyclopentane,” N. D. Ze- 
linskii and L. N. Glinka, zbid., 39, 1170 (1907). 
(3) “New representatives of cyclopentane hydrocar- 
bons,” N. D. Zelinskii, ibid., 38, 1288-1289 
(1906). 


J. G. TOLPIN,{| ANGELA M. KRAMER,* MARY 
MARGARET LALLY,* MEYER POBEREZKIN, | JACQUES 
POIRIER, | HELEN REZABEK;{ AND LLOYD TREVOY}{ 


(4) ‘1,2-Dimethyleyclopentane,”’ N. D. Zelinskif 
and E. 8S. Przheval’skii, zbid., 37, 628 (1905). 

(5) “Symmetrical 1,3-dimethyl-5-ethyleyclohexane,” 
N. D. Zelinskii and E. 8. Przheval’skili, ibid., 
p. 629. 

(6) “Symmetrical trimethyleyclohexane  (hexa- 
hydromesitylene),’’ N. D. Zelinskii and S. S. 
Nametkin, ibid., pp. 629-630. 


Article No. 1 was not adequately reported, although a 
later article by these authors touching on this subject 
was covered. Article No. 2 was well abstracted, as was 
No. 3. The fourth, fifth, and sixth articles were not 
located in the abstracting journals mentioned. 

In view of the insufficient coverage by abstracting 
journals, it is not surprising to find that some of these’ 
notes have been disregarded in important compilations 
of information on organic compounds. This is true 
also for two other examples: one note dealing with 
methyleycloheptane (N. D. Zelinskii, J. Russ. Phys.- 
Chem. Soc., 37, 962 (1905)) and the other with allyl- 
cyclohexane (N. D. Zelinskii and L. Vyshinskaya, ibid., 
p. 630). 

* Northwestern University. 


+ University of Chicago. 
t Universal Oil Products Company, Chicago, Illinois. 





COOPERATIVE OBJECTIVE UNIT TESTS IN ORGANIC CHEMISTRY 


, 1947-48 Series of Cooperative Objective Unit Tests in 
Organic Chemistry are now ready for distribution for use during 
the school year of 1947-48. This series includes the titles: 


Alkanes, alkenes, alkynes. 
Alkyl halides and polyhaloalkanes. 
Alcohols, ethers, halohydrins, alkene oxides. 
Aldehydes, ketones, ketenes. 
Acids, saturated and unsaturated. 
Halogen, hydroxy, and oxo-substituted acids. 
Anhydrides, acid halides, esters, salts. 
Replacement reactions, review. 
Final examinations, Nos. 1 to 8. 
Carbohydrates. 
Thioalcohols, thioethers, sulfonic acids. 

. Nitroparaffins, amides, urea, urea derivatives, amines, 

‘amino acids, proteins, nitriles, and isonitriles. , 

Foods and metabolism. 
Metallic and nonmetallic alkyl compounds. 
Alieyclic compounds. 


16. Aromatic hydrocarbons. 

17. Aryl halogen compounds. 

18. Phenols, ary] alcohols, ethers. 

19. Aryl aldehydes, ketones, quinones, acids. 

20. Aryl sulfonic acids. 

21. Aryl nitro compounds, amines, and diazonium salts. 

22. Final examinations, Nos: 10 to 21. vt 


This series is available at $1.00 for the first set and 20 cents fo 
each additional set, f.o.b. Lafayette, from the chairman of the-- 
committee, Ed. F. Degering, Department of Chemistry, Purdue 
University, Lafayette, Indiana. 

These tests (1) cover a broader area of testing than is otherwise 
possible, (2) serve effectively as a grading device which is com- 
patible with the relative achievement of the students, (3) con-! 
serve the time of the instructor, and (4) save departmental funds, , 

The tests are particularly useful in conditioning students for 
the comprehensive cooperative objective tests prepared and dis- 
tributed by the Cooperative Test Service, 15 Amsterdam Avenue, 
New York City, New York. | 
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To the Editor: 

This is from a chemistry instructor who has just re- 
turned from being a student at the Cornell University 
summer session. I have just had an opportunity to 
observe, for the first time in several years, how it feels 
to take an examination. In recent years I have been 
mostly on the giving end. The questions occur to me— 
why are examinations such an ordeal? Do they need 
to be? Is the game worth the candle? 

Perhaps I can suggest some of the answers. First, 
students undoubtedly make the situation worse than it 
is by the universal habit of putting in long hours the 
night before an examination, thereby working them- 
selves up to a high tension which results (Iamconvinced) 
in poorer marks instead of better. Fear is, of course, a 
factor in the tension—not necessarily fear of failure, but 
fear of not doing as well as a student thinks he ought. 

Second, examinations are often enough unfair to 
justify the suspicion among students that teachers 
purposely make them difficult, or that teachers do not 
know what constitutes a fair examination. 

Third, examinations are another example of a school- 
imposed or teacher-imposed task, distasteful enough in 
itself. Here we have, then, the instinctive rebellion to a 
distasteful task imposed from outside, compounded 
with fear, suspicion, and guilt (when has a student 
ever been satisfied that he has done what he ought to 
do?) that all adds up to terrific tension. 

I believe that examinations do serve a definite and 
proper purpose, but they do not need to cause the 
agony they do. I further believe that it is up to us as 
teachers to make the first move toward eliminating some 
of the agony. I offer some suggestions that may help. 
I confess that I have not yet had an opportunity to try 
them out. 

First, make sure the examination is fair. Anyone 
who has ever composed an examination knows that this 
is not easy; it requires time and thought, often skimped. 
In the event of an examination proving unexpectedly 
difficult, students must be assured that a fair adjustment 
will be made. 

Second, enlist student participation in laying out the 
work so as to minimize the feeling that “he thinks his 
course is the only one we’re taking.” This ought to 
help eliminate the guilty feeling, just before examina- 
tion time, that a student has not done his part. 

Third, enlist student participation in making up the 
examination, so that it becomes more nearly a self- 
imposed task than teacher-imposed. 


Lastly, minimize the fear element by letting the na- 
ture of the examination be known well beforehand, and 
by not putting too great numerical emphasis on the re- 
sult of the examination. 


WiuuiaM K. VIERTEL 
Canton, New Yorx 


To the Editor: 

I have read with interest the article on “Ivy Poison- 
ing’’ by G. Albert Hill [J. Comm. Enuc., 24, 255 (1947) ]. 
It was well and interestingly written. I wish, how- 
ever, to take issue with the author on the use of ferric 
chloride, lead acetate, etc., either as protectives or as 
treatments for poison ivy afflictions. It hasbeen shown 
[O. GisvoLp, J. Am. Pharm. Assoc., 33, 17 (1941)] 
that the use of heavy metals to inactivate the ivy 
phenol or phenols by a precipitating or oxidizing 
action is based on the fallacious reasoning that the 
phenols are inactive when precipitated. Having 
personally witnessed the experiments of Professor 
Gisvold, a colleague of mine, I can vouch for the 
accuracy of his statement that the precipitates ‘‘ap- 
peared to be fully as active as the original ivy phenol.” 
After the above author had inoculated himself with 
the active metal-phenol precipitates to obtain a fine 
‘case of localized ivy poisoning, he proceeded to show 
that it could be treated best with an alkaline peroxide 
solution. The method is to saturate the affected 
area with dilute (0.1 M) sodium hydroxide solution for 
three to five minutes and then to apply three per cent 
hydrogen peroxide on the alkalinized area for a similar 
period of time. The alkaline-peroxide may then be 
removed by rinsing with cold water. 

Taito O. Song 


UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


To the Editor: 


In the article “The Requirements for Fruitful Re- 
search” in your April number (page 165) the writer is at 
some pains to find a name to differentiate “applied re- 
search” from “pure research” and uses the name “‘in- 
terpreter” for workers in applied research. 

Could I suggest that a more suitable name for applied 
research is ‘development work’? This work is, after 
all, a developing of the results of “pure research” and 
not their “interpretation”—a term which could more 
aptly be applied to the profession of scientific journal- 
ism. Further, as is pointed out in the article, there is no 
well-defined demarcation between the two forms of re- 
search and it is essentially the mental attitude of the 
worker which determines whether or not a piece of re- 
search can be classified as “pure.” I submit that the 
use of the word “development” covers this far more ade- 
quately than does “interpretation.” 
Joun H. Hicu 
Lonpon, ENGLAND 
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NINTH SUMMER CONFERENCE 
Wellesley College, August 18-23, 1947 


The Ninth Summer Conference of the New England Association 
of Chemistry Teachers was held at Wellesley College during the 
week of August 18-23, with a record number of 202 registrants. 
Of these, 101 were members, 101 nonmembers; 44 registrants 
came from 10 states outside New England. Among the highlight 
were the two symposia whose topic-sequences follow: 

Symposium I: ‘The development of atomic structure’’—Chair- 
man, Alfred Seely Brown, Colgate University 

A. “The periodic table in relation to atomic structure” 

—Laurence S. Foster, Watertown Arsenal 
B. ‘Nuclear structure’—Martin W. Deutsch, Massachusetts 
Institute of Technology 
C. “The electron in interatomic relations’—William F. 
Ehret, New York University 
Symposrum II: ‘Selected topics from introductory chemistry’”— 
Chairman, Hubert N. Alyea Princeton University 

A. ‘“Hydrolysis”—Stuart R. Brinkley, Yale University 

B. ‘Anglomathics’—Thomas H. Hazlehurst, Lehigh Univer- 

sity 

C. “Teaching kinetic theory’—Creig S. Hoyt, Grove City 

College 
D. ‘Moles, not proportions’”—Chairman, Hubert N. Alyea 


The evening social hour carried through the week, culminating 
ina Talent Night Friday. Borrowing topics and phrases from the 
day sessions, the Conference Committee planned a highly success- 
ful and entertaining program as follows: 


Talent Night Conference Program 
John Timm, Master of Ceremonies 


1, Address of welcome—The Fire Marshall ss 
2. “The use of all-wet-ting agents at learning time’’—A. Klock 
3. Surprise I: SPEBSQSA (irreversible reaction) 


Symposium I: ‘The structure of the completely disinte- 


grated atom” (no chairman for such simple matter)— 
Martin W. Fogbrace Martin W. Snowflake 
Martin W. Rime-edge Martin W. Sledgrease 
A. ‘The single-bonded biradial dual metacyecle Ap- 
paratus: Dress with occupant” 
B. “Demonstration of exhalants under slightly in- 
creased pressure”’—Professor Snowflake 
“‘Crystal-clear sonics:’’ 
A. ‘Care selve (Hindel)”—The Boozers 
B. ‘Homing (del Riego)”—The Boozers 
‘“‘The heliosonic radio-active talking bikinite’”—Native from 
Bikini 
“Kinetic behavior for teachers’”—Prof. Wearing Regal 
Powers 
Surprise II: More of the barber-shop quartet singers 
Symposium II: ‘Minstrels for fun and frolic’—Profs. 
Chine, Hock, Hoof, and Withers ‘ 
“Cranial derivatives of supersaturated registratign com- 
pounds’ —P. R. P. 
Surprise III: ‘‘Nylon emission!’ (Presentation of Degrees 
for Gracious Hospitality to the two Heads-of-House and 
the Co-ordinator)—John R. Suydam 


Visiting fire authorities attended the demonstration of the 
efficacy of wetting agents in extinguishing a liquid fuel fire down 
by the lotus pond. One laboratory was completely taken over by 
industrial, scientific, and publishing exhibits. The motion pic- 
tures shown each evening and Saturday morning were of excep- 
tionally high quality. Industrial trips were made to Carter’s 
Ink, Colonial Beacon Oil Refinery, Dewey and Almy Chemical 
Company, Monsanto Chemical Company, and Watertown Ar- 
senal. The picnic supper was held indoors around open fires. 

Those who have attended all nine Conferences are: Charles 
E. Dull, Mary B. Ford, Mr. and Mrs. Grover C. Greenwood, Mr. 
and Mrs. S. Walter Hoyt, Alfred R. Lincoln, Evelyn L. Murdock, 
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Elsie 8. Scott, John R. Suydam, and Elbert C. Weaver. Only 


Norris W. Rakestraw fell by the wayside this year. 


@ New Members 


Mrs. Lillian Amstutz, Beaver Country Day School, Chestnut 
Hill, Massachusetts 

Gunnar §. Clason, Worcester North High School, Worcester, 
Massachusetts ; 

J.S. Cole, Brown University, Providence, Rhode Island 

Ralph Di Mattia, Grover Cleveland School, Dorchester, Massa- 
chusetts 

Leon Doleva, Springfield College, Springfield, Massachusetts 

Margaret Driscoll, Plymouth High School, Plymouth, Massa- 
chusetts 

Virginia Duval, Catonsville High School, Catonsville, Maryland 

Samuel Glasstone, Boston College, Chestnut Hill, Massachusetts 

Leslie A. Hallock, W. M. Welch Scientific Co., Worcester, Massa- 
chusetts 

Roy Hunt, General Electric Co., Pittsfield, Massachusetts 

Paul M. Maginnity, Boston College, Chestnut Hill, Massa- 
chusetts , 

Robert F. O’Malley, Boston College, Chestnut Hill, Massa- 
chusetts 

Leone Oyster, Ripon College, Ripon, Wisconsin 

John Palmer, Chapman Technical High School, New London, 
Connecticut 

Howard H. Rogers, McGraw-Hill Book Co., Springfield, Massa- 
chusetts 

Sister Marie Ste. Croix, Holy Cross High School, Berlin, New 
Hampshire ; 

Walter G. Stewart, Springfield College, Springfield, Massachu- 
setts 

Rev. Harry A. Williamson, 8S. J., Boston College High School, 
Boston, Massachusetts 


@ Schedule of Meetings, 1947-48 


October 18: Laconia High School, Laconia, New Hampshire 

December 13: Harvard University, Cambridge, Massachusetts 
(Joint meeting with the Eastern Association of Physics Teachers 
and the New England Biology Teachers Association) 

February 14: Rhode Island State College, Kingston, Rhode Is- 


land 
April 3: St. Thomas Seminary, Bloomfield, Connecticut 
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May 8: Malden High School, Malden Massachusetts (Annual 
meeting) 
e Official Business 
John A. Timm of Simmons College has been appointed chair- 
man of the Tenth Summer Conference Committee. The meet- 
ing place has not yet been selected but it is expected that the 
Tenth Summer Conference will be the biggest and best yet for 


1948 will be something of a dual anniversary, the tenth for the 
summer conferences and the fiftieth for the Association. 


= 
SUMMARIZED TREASURER’S REPORT 


Balance, August 1, 1946 $1170.02 
Receipts during 1946-47 1508.35 


$2678 . 37 
Expenditures to August 16, 1947 $1668 .08 


Balance, August 16, 1947 
$2678 . 37 


The expenditures for the year include an item of $200 used to 
set up a new permanent Summer Conference Fund and an item 
amounting to two per cent of the income from dues that was trans- 
ferred to the Endowment Fund. Therefore the total expenditures 
have been in reality only $1440.08, a sum less than the income of 
the Association rather than greater as might appear. A few recent 
bills remain unpaid. : 
Carrot. B. Gustarson, Treasurer 


& Officers for 1947-48 


Eldin V. Lynn, President, Massachusetts College of Pharmacy, 
Boston 15, Massachusetts; Dorothy W. Gifford, Secretary, Lin- 
coln School, Providence 6, Rhode Island; Lawrence H. Amund- 
sen, Editor of the Report, University of Connecticut, Storrs, 
Connecticut; Millard W. Bosworth, Immediate Past President; 
John R. Suydam, Vice-President; Carroll B. Gustafson, Treasurer; 
Leallyn B. Clapp, Southern Division Chairman; Helen Crawley, 
Central Division Chairman; Jean V. Johnston, Western Division 
Chairman; Donald C. Gregg, Northern Division Chairman; 
Ralph E. Keirstead, Curator; Elbert C. Weaver, Chairman En- 
dowment Fund; 8. Walter Hoyt, Auditor. 


ELECTRON MICROGRAPHS AS AN AID IN TEACHING GRAVIMETRIC ANALYSIS 
(Continued from page 486) 


‘tion of the one reagent is decreased, starting with the 
most concentrated one, the crystal size is first increased 
markedly and then decreased as the one reactant’s 
concentration is further reduced. This indicates that 
there is an optimum concentration for the formation 
of large crystals. Therefore, reagent concentration is 
significance. 
Postprecipitation. Postprecipitation is the process of 
‘formation of a second precipitate upon the crystal 
surfaces of one substance after that material has pre- 
cipitated. Figure 11 illustrates the precipitation of 
.AgCl on the surface of AgCNS crystals. To obtain this 
specimen, Ag+ was added (slowly by ion diffusion) to a 
solution containing both CNS~ and Cl-. The thiocya- 
nate precipitated first because it is less soluble and then 
ithe AgCl formed on the surface of the AgCNS crystals, 
‘as seen in the micrograph. Crystals of AgCNS simi- 
larly formed except for the absence of Cl~ in the medium 
have smooth surfaces, as in Figure 10b, so the surface 
particles in Figure 11 must be of the chloride. 


Although the electron micrographs as presented in 
this report do not in them- 
selves prove any new facts, 
the fruitfulness of further 
investigation along this line 
is indicated. These pic- 
tures do present direct visi- 
ble evidence of a number of 
factors encountered in gravi- 
metric quantitative analysis 
that have hitherto been 
ascertained primarily by 
indirect means. A picture 
of a phenomenon along with 
a description is often of more 
value to a student than a 
mere explanation in words, 
and this is the realm in 
which the present article 


Figure 11. AgCl Postprecipi- 
should be of value. - eer 


tated on Surface of AgCNS 
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e A TEXTBOOK OF QUALITATIVE ANALYSIS: 
(Using the Semi-Micro Method) 


William Buell Meldrum, Professor of Chemistry, Haverford 
College, and Albert Frederick Daggett, Professor of Chemistry, 
University of New Hampshire. American Book Co., New York, 
1946.- xi+43lpp. 62figs. 54tables. 15 X 22cm. $3.50. 


THERE HAS been a marked trend in recent years toward the 
abolition of qualitative analysis as part of the chemistry curricu- 
lum. A vestigial survival in the form of an attenuated version 
of the laboratory procedures in the second semester of elementary 
chemistry is often the only indication that the subject was once 
alive and healthy. 

To those who still believe that an intimate laboratory acquain- 
tance with the personalities of the commoner cations and anions 
is essential to the proper balance of chemical training, and that 
no other laboratory course gives so many opportunities to connect 
chemical theory with visible fact, a text of this character is a 
welcome reminder that there are many of similar mind. 

The authors have devoted nearly two-thirds of their pages to 
a concise and well-organized development of the essential theo- 
retical background. If a sufficient fraction of the time of the 
course is devoted to careful study of this part of the book and to 
continual application of the resulting knowledge to the laboratory 
procedures, there need be no flavor of ‘‘cook-book chemistry’’ in 
the course. Consistent use is made of the Lewis notation in 
representing the structure of ions and molecules, good tables of 
relevant data are given, and curves are actually plotted. This 
last characteristic is strikingly evident in Fig. 23, representing. 
the vapor pressure curves for water,-ice, and 1M dextrose. 
Heats of reaction are given in thermodynamic fashion, making 
an‘immediate break' with the notation used in texts for the 
elementary course, and nowhere else. 

The Brénsted-Lowry acid-base concepts are used consistently, 
which makes for simplicity and clarity in the treatment of this 
important part of solution theory. Complex ions are discussed 
with unusual order and completeness. More information con- 
cerning electrochemistry is given than is strictly warranted by 
the demands of the subject. On the other hand, even an ele- 
mentary discussion of the theory of solutions is incomplete with- 
out this information, and the qualitative analysis course is a good 
place to begin consideration of a topic which most students find 
rather difficult. To the reviewer’s delight the sign convention 
used is the reverse of that customarily found in physical chem- 
istry texts, thus having direct relation to the actual sign of the 
charge on the metal electrode. 

The laboratory procedures are clearly given, and involve indi- 
vidual tests with each ion as well as the systematic separation 
procedure. A systematic scheme for the detection of a rather 
restricted array of anions is given. 

The final chapter is a summary of the important reactions of 
each of the ions considered in the laboratory procedure, a very 
valuable addendum. If the student uses it to hunt for equations 
he is supposed to be able to write himself—and he undoubtedly 
often will—at least he will find them given in a straightforward 
fashion, representing as closely as may be what actually happens. 

The reviewer believes that the extended periodic table is much 
more informative than the condensed one used in this book, and 
would have made possible a more illuminating correlation: of 
atomic structure with chemical properties. More attention 
might have been paid to the use of activities rather than con- 
centrations in the simple univalent situations, and attention 
might have been more clearly drawn to the fact that solubility 
products, calculated on the concentration basis, are virtually 
valueless in the case of salts of higher ionic type. 

In the reviewer’s opinion a systematic scheme of anion detec- 


tion is of doubtful value, both pedagogically and in the labora- 
tory, and a larger number of anions might well have been in- 
cluded in the scheme of the book. 

Now comes the time to say ‘‘nevertheless.” The fact is, the 


reviewer likes this book. 
JOHN E. CAVELTI 


ALLEGHENY CoLLEGE 
MEADVILLE, PENNSYLVANIA 


BUTALASTIC POLYMERS 

Frederick Marchionna, Examiner, U. S. Patent Office, Wash 
ington, D.C. Reinhold Publishing Corporation, New York, 1946. 
vii + 642 pp. 9 figs. 24tables. 21 X 14cm. $8.50. 


THIS BOOK is a treatise on the preparation and properties of 
synthetic rubbers, thoroughly documented with literature and 
patent references. 

Following a definition and historical sketch of the subject, the 
material is organized in three parts: I. The source and produc- 
tion of monomers; II. Mechanisms and processes of polymeriza- 
tion; III. Properties, applications and methods of fabrication of 
butalastics. In addition to the usual indexes by author and 
subject, an index based upon catalysts of polymerization is pro- 
vided. 

This is a work of meticulous scholarship in a highly specialized 
but very important field. It will no doubt be most welcome and 
useful to those engaged in the study of elastomers, but all chem- 
ists interested in the properties related to unsaturation and the 
phenomena of polymerization will find it a valuable reference 


book. 
HARVEY A. NEVILLE 


LexuigH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


9 CHEMISTRY AND METHODS OF ENZYMES 


James B. Sumner, Professor of Biochemistry, Cornell University, 
and G. Fred Somers, Plant Physiologist, U. S. Plant, Soil and 
Nutrition Laboratory. Second Edition. Academic Press, Inc., 
New York, 1947. xi + 415 pp. 15.5 X 23.5cm. $6.50. 


IN THE FOUR years that have elapsed since the first edition of 
this book there have been many advances in our knowledge of 
enzymes. More enzymes have been crystallized; prosthetic 
groups have been identified; knowledge of vitamins as prosthetic 
groups has advanced. For twenty years we have known of the 
inhibitory effect of one drug, namely physostigmine, upon: the 
activity of cholinesterase. But in recent*years the concept of 
the importance of enzyme inhibition in the mechanism of pharma- 
cological action of many and various drugs has arisen and has 
received strong support. The modern pharmacologist and the 
pathologist, therefore, needs to keep track of advances in enzy- 
matology and to use enzyme methods as tools of research. In 
genetics, too, enzyme studies are making advances. Here, the 
concept that mutations may involve altered abilities of cells to 
make enzymes with consequent alterations in intermediary me- 
tabolism has received support. 

In this second edition of their book, the Cornell biochemist 
and Nobel prize winner and his plant physiologist colleague have 
brought the text to date through the early part of 1946. About 
fifty pages have been added. Under the heading “Esterases” 
the phosphatases have been given a dozen pages of consideration. 
Carbohydrate metabolism has been a field of great advance and 
we now find a chapter headed, ‘‘Phosphorylases, Transphosphory- 
lases, Phosphoisomerases, and Phosphomutases,” as well as a 
chapter on “The Role of Enzymes in Carbohydrate Metabolism 
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and Related Biological Processes.” One may regret that the 
book went to press too early to include the evidence afforded by 
Barron and Singer’s work as to which enzymes are dependent 
on free thiol groups for activity, and the work of Peters and his 
coworkers demonstrating the inhibition of such enzymes, es- 
pecially those concerned in pyruvate oxidation by metalloids 
and heavy metals and by vesicants, also their reactivation by 
certain’ dithiols. 

For‘ those who desire a brief review of the whole field of en- 
zymes, their source and function, the measurement of their ac- 
tivity, their activation, inactivation, and methods of purification, 
this book may be recommended. 

CLIFFORD S. LEONARD 


LAKESIDE LABORATORIES, INC, 
MILWAUKEE, WISCONSIN 


e RELATIVITY 


Albert Einstein, Hartsdale House, Inc., New York, 1947. 
xiii + 168 pp. 5 figs. 14.5 X 21.5 cm. $2.50. 


, A REPRINTING of a book which first appeared thirty years ago, 
because of its general and fundamental bearing on the develop- 
ment of ‘‘the atomic age.” 


& CONCISE CHEMICAL AND TECHNICAL 
DICTIONARY 


H. Bennett, Technical Director, Glyco Products Co. Chemical 
Publishing Company, Inc., New York, 1947. xxxix + 1055 pp. 
16 X 24cm. $10.00. 


A COMMENDABLE effort to bring many items up to date, in- 
cluding the spelling and pronunciation of chemical terms and 
the composition and uses of products with trade names. In 
view of this effort, it is regrettable that the list of elements in 
the appendix includes several which have now by general agree- 
ment been discarded and does not contain those of the most 
recently discovered elements. It is more of a dittionary and 
less of an encyclopedia than many similar volumes. 


@ HIGHER MATHEMATICS FOR STUDENTS 
OF CHEMISTRY AND PHYSICS 


J. W. Mellor, Dover Publications, New York, 1946. xxi + 645 
pp. 189 figs. 14.5 X 22.5cm. $4.50. 

WHEN THE first edition of this work appeared, several students 
went to one of their professors to ask him to arrange a course 
with this as.a textbook. One of them stated their desire: ‘What 
we want to learn to do is to make simple results look complicated 
by the use of mathematics.”” While there may have been a time 
when this-was a plausible function of mathematics in chemistry, 
the tables have long since been turned. Mathematics is an in- 
dispensable teol for simplification, not confusion. This is one 
of.the few mathematical books which keeps the needs of the 
chemist in mind and should be made familiar to all students at 
some stage of their training. 


e ‘SCIENTIFIC INSTRUMENTS j 


Herbert J. Cooper, Head of Engineering Dept., South-west 
Essex Technical College and School of Art. Chemical Pub- 
lishing Co., Inc., New York, 1946. 305 pp. 276 figs. 14.5 X 
22cm. $6.00. 


_ Te rncreEasine “mechanization” and “instrumentation” of 
all scientific research makes even such a small introduction as 
this exceedingly valuable. Instruments are divided into their 
types and general functions, rather than their particular applica- 
tions: optical instruments, measuring instruments, navigational 
and surveying instruments, instruments for liquid testing, and 
miscellaneous. Individual chapters, however, break down these 
classifications, so that after a momentary disappointment the 
chemist will find such instruments described as polarimeters, 
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photometers and colorimeters, refractometers, spectrographs, 
balances, pressure gages, thermometers, pyrometers, and many 
other old friends and helpers. 

In a brief work of such broad scope it is inevitable that the 
treatment is sketchy. Only the general principles and essential 
designs are dealt with. The chemist will not be content with the 
brief discussion of balances, for example, but will want more 
details, especially of modern methods of microweighing. Elec- 
tronic instruments are disposed of summarily and there is no 
reference whatever to radioactivity and the Geiger counter. 
This is a good start, but the next question will be: ‘‘Where do 
we go from here?” 


& ENGLISH-SPANISH CHEMICAL AND 
MEDICAL DICTIONARY 


Morris Goldberg, Translation & Research Bureau, New York 
City. McGraw-Hill Book Company, Inc., New York, 1947. 
x + 692 pp. 16 X 23.5cm. $10.00. 


Ir 1s probably not often that American chemists will have 
occasion to translate their results from English into Spanish. 
Nevertheless, this volume is a painstaking effort to make ter- 
minology more accurate and is a valuable addition to the in- 
creasing list of technical foreign-language dictionaries. 


© PHYSICAL CONSTANTS OF HYDROCARBONS: 
VOLUME IV 


Gustav Egloff, Universal Oil Products, Chicago, TIllinois. 
Reinhold Publishing Corp., New York, 1947. xi + 540 pp. 
16.5 X 24cm. $17.50. 


THE ENORMOUS project of which this is one of the results is 
well known to American chemists. This volume “‘is a collation 
of all melting point, boiling point, density, and refractive index 
data available on polynuclear aromatic hydrocarbons.’’ These 
compounds are principally derived from coal tar and the infor- 
mation on their physical constants is so scanty that much in- 
vestigation still needs to be done on them. 


& METHODS OF VITAMIN ASSAY 


Association of Vitamin Chemists, Inc. 
lishers, Inc., New York, 1947. xviii + 189 pp. 
$3.50. 


Tue occasion for this book is well shown by the following 
paragraph from the Preface: 

“While there are many excellent procedures for vitamin 
methods in the literature, there is also a wealth of unpublished 
information concerning modifications which extend the applica- 
tion of these methods to specific products, or to use with certain 
instruments, or to special conditions other than those for which 
the method was originally devised. Frequently these modifica- 
tions are so slight as to seem unworthy of publication; yet, when 
available, they greatly increase the usefulness of the methods.” 


Interscience Pub- 
16 X 23.5 cm. 


x INVENTIONS AT YOUR SERVICE .- 


Albert J. Kramer, Patent Adviser, U. S. Dept. of Agriculture. 
Progress Press, Washington, D. C., 1946. ix -+139pp. 15.5 x 
23.5cm. $5.00. 


Asstracts of “public service” patents of the Department of 
Agriculture issued during the last fifteen years. Being the result 
of governmental research, these patents are available for the use 
of anyone interested, without cost. They cover such general 
fields as: wood utilization, fertilizers and soil treatment, insect 
and weed control, pharmaceuticals, biochemical processes, food 
products and preservatives, general chemical procedures, protein 
and starch products, measuring and testing devices. 
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3 CALCULATIONS OF ANALYTICAL CHEMISTRY 


Leicester F. Hamilton, Professor of Analytical Chemistry, and 
Stephen G. Simpson, Associate Professor of Analytical Chem- 
istry, Massachusetts Institute of Technology. McGraw-Hill Book 
Company, Inc., New York, 1947. Fourth Edition. xiii + 387 
pp. 14 figs. 12 tables. 14.5 X 2lcm. $3.50. 


Tue standard text “Calculations of Quantitative Chemical 
Analysis” by these well-known educators at M. I. T. has been 
revised to include most of the calculations needed in Qualitative 
Chemical Analysis and at the same time chapters on conducti- 
metric and amperometric titrations have been added. Thus the 
number of chapters has been increased from 14 to 19 and the 
number of problems (many of them with answers) has been ex- 
tended from 766 to 1032. 

Necessarily, the material has been rearranged, thus producing 
a book which should be of great value to teachers and students in 


courses of ‘‘Qual and Quant.” 
SAUL B. ARENSON 


Los ANGELES, CALIFORNIA 


9 ORGANIC ANALYTICAL REAGENTS 

Frank J. Welcher, Associate Professor of Chemistry, Indiana 
University, Extension Division. D. Van Nostrand Company, New 
York, 1947. Volumell. xi+530pp. 69tables. 15 X 23cm. 
$8.00 ($7.00 set price of Vol. II). 


Tus 1s Volume II in a set of four volumes under the title 
“Organic Analytical Reagents.” For a review of Volume I, see 
Tus JouRNAL, 24, 364 (1947). The style and arrangement 
follow that used in the preceding volume, that is, the formula, 
molecular weight, Beilstein reference, properties, and method of 
preparation are given for each reagent, as well as references to the 
original literature. 

Volume II contains 10 chapters covering the following topics: 
the organic acids (Chapter I, 89 pages), halogen substituted acids 
(Chapter II, 4 pages), hydroxy acids (Chapter III, 94 pages), 
amino acids (Chapter IV, 32 pages, miscellaneous acids (Chapter 
V, 10 pages), acyl halides (Chapter VI, 3 pages), acid anhydrides 
(Chapter VII, 4 pages), esters (Chapter VITI, 8 pages), amines 
(Chapter IX, 256 pages), and quarternary ammonium compounds 
(Chapter X, 12 pages). The book concludes with an index of 
names and synonyms of organic analytical reagents and one on 
their uses, the compounds being listed alphabetically under the 
element or radical for which they are employed in analytical pro- 
cedures. The large number of amines used as analytical reagents 
is indicated by the 256 pages (almost half the volume) comprising 
the chapter devoted to this type of compound. 

Volume II is conveniently arranged for ready reference and, 
together with the companion volumes in the set, will make a very 
useful treatise on organic analytical reagents. 


JOHN H. YOE 
UNIVERSITY OF VIRGINIA 
CHARLOTTESVILLE, VIRGINIA 


@ SCIENCE THROUGH EXPERIMENT 


Charles H. Lake, Superintendent of Public Schools, Louis E. 
Welton, Assistant Principal, John Hay High School, and James 
C. Adell, Chief, Bureau of Educational Research, Public Schools, 
Cleveland, Ohio. Silver Burdett Company, New York, 1947. 
viii + 264 pp. 35 figs. 23 X 26cm. $1.24. 


“Science Through Experiment,” a workbook for a one-year 
general science course, is a completely revised, redesigned, and 
reset edition of ‘‘A General Science Workbook” by the same 
authors and is based on the experimental method which proved so 
successful in the earlier edition. It reflects the trends in current 
teaching and follows the sequence of topics that makes for a good 
course in general science and furnishes the student with an in- 
telligent interest in scientific problems and discoveries. Each 
unit is introduced with a set of ‘‘Do You Know?” questions and 
each unit concludes with ‘“‘Questions for Study” and “‘References 
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for Reading and Study’ encouraging the student to check on 
knowledge which he is acquiring. “Things You Can Do” are 
included in many problems stimulating the student to do his own 
experimenting and ‘‘Words for Spelling and Use” will help him 
with his vocabulary. The workbook is accompanied by a teaching 
aid, a ‘Teachers’ Manual,’’ containing a key to the workbook and 
fifteen objective tests for teachers to reproduce in their classrooms. 
In the opinion of the reviewer, students who do the experiments 
thoughtfully produced here will certainly have some science 
knowledge through experiment. 
GRETA OPPE 
Batt Hien ScHoon 
GALVESTON, TEXAS 


) ADVENTURES IN MAN’S FIRST PLASTIC: The 
Romance of Natural Waxes 


Nelson S. Knaggs, Hilton-Davis Company, Chemical Division, 
Sterling Drug, Inc., Reinhold Publishing Corporation, New York, 
1947. xiv+329pp. 88figs. 15 X 23cm. $6.75. 


Scientists have been accused of not being able to write so 
that the layman can understand. Here is a book about an indus- 
trial material that the botanist, the entomologist, archaeologist, 
geologist, chemist, metallurgist, and arm-chair traveler will find 
delightful reading. It is difficult to realize that it is a book pri- 
marily about plastics, so skillfully has Nelson Knaggs, chemist, 
author, and photographer, captured the excitement of adventure 
connected with man’s search for the world’s wax-bearing botani- 
cals. The inspiration for the book began at the laboratory bench 
but the research problem did not end there. By letters and finally 
by expeditions into the lands of the waxes this fascinating story 
emerged with all the excitement and drama of a novel and yet all 
the scientific information of an authority and professional. Read- 
ing the table of contents is like turning the pages of history, for 
there is the chapter, ““Wax Through the Ages,” and another about 
“A 60,000,000-Year Old Plastic.”” The reader will travel with 
the writer into the dense jungles of the Amazon basin, on to 
Mexico, back to the Big Bend in Texas, off to the Esparto har- 
vesters of North Africa, and home again to the magic’of synthetic 
waxes. For the technical reader there is a technical reference 
section and an excellent bibliography on vegetable waxes, insect 
waxes, animal waxes, and mineral waxes, together with a general 
bibliography and a book list revealing the historical background of 
waxes. While learning about waxes, the reader dips into lost 
worlds of the ancients to learn of waxes in sorcery, religion, art 
and in metal casting, stories of candles, wax painting, Madame 
Tussaud’s famous wax models, and Edison’s invention of the 
phonograph. Not only is the book delightful reading but it is 
good to look at. The fascinating pictures and interesting jacket 
design are by Frederick H. Kock, but the book is replete with 
illustrations from the Metropolitan Museum of Art and other 
sources. To quote from the foreword written by Walter J. Mur- 
phy, Editor, Chemical and Egineering News and Industrial and 
Engineering Chemistry: ‘‘Where else, will*you find science so de- 
lightfully spiced with nature, archaeology, history, romance, 
geography, intrigue, mystery, religion, travel, politics, diplomacy, 
industry, and many more delectable flavors?” 

GRETA OPPE 


Batu Hier ScHoou 
GALVESTON, TEXAS 


Q PHOTOELECTRIC CELLS 


Chemical Publishing Co., Inc., New York, 1947 
14.5 X 22.5cm. $2.75. 


A. Sommer, 
viii + 104 pp. 27 figs. 


A BRIEF monograph dealing with the theory of photoelectric 
emission, the different types of photocathodes and photocells, 
and their application. The reader might possibly get his money’s 
worth out of it. 
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@ UNIT PROCESSES IN ORGANIC SYNTHESIS 


P. H. Groggins, Editor-in-Chief, Chemical Engineer, U. S. De- 
partment of Agriculture. McGraw-Hill Book Company, Inc., 
New York, 1947. Third Edition. xiii + 93l pp. 19] figs. 15 
X 23 cm. $7.50. 


Tuis 1s a completely revised third edition of a book first pub- 
lished in 1934, with a second edition in 1938. The same compe- 
tent group of editors has been retained for the various chapters, 
with the addition of Professors H. Mark and W. P. Howenstein 
of Brooklyn Polytechnic Institute who have contributed the 
chapter on Polymerization. 

The plan of the book is to treat a number of important chemi- 
cal reactions of organic compounds from the viewpoint of a unit 
process, hence each variable affecting the reaction is discussed. 
The reactions selected are those of broadest importance in the 
organic chemical industry: nitration, amination by reduction, 
diazotization, halogenation, sulfonation, amination by am- 
monolysis, oxidation, hydrogenation, alkylation, esterification, 
hydrolysis, the Friedel-Crafts reaction, and polymerization. 
These chapters are followed by a 14-page appendix of charts and 
tables of properties of compounds and a comprehensive 18-page 
index. 

For a typical chapter major subdivisions for alkylation are: 
types of alkylated compounds, alkylating agents, types of alkyla- 
tion, factors controlling alkylation, equipment for alkylation, ef- 
fect of alkylation, technical alkylations. Some of the technical 
alkylations discussed are the preparations of anisole, carbitol, 
ethyl cellulose, codeine, dimethylaniline, alkylate gasoline, ethyl- 
benzene, and lead tetraethyl. The breadth of treatment found 
in the other chapters is equally comprehensive. 

Throughout the book emphasis has been increased on the reac- 
tions of aliphatic compounds, in keeping with the emphasis now 
placed on them by the chemical industry and particularly the 
petrochemical industry. 

This book is the basis of a course given in many chemical engi- 
neering schools in which fundamental theory, technical applica- 
tion, and supporting economics are discussed. ‘This revised edi- 
tion will continue to serve in this manner. Teachers of organic 
chemistry at any level should have this book and it should be 
available to their students in the library so that all can see how 
the organic reactions discussed as equations or laboratory prepa- 
rations are translated by industry to a tonnage scale. 


KENNETH A. Kose 


UNIVERSITY OF TEXAS 
AusTINn, TEXAS 


© ‘KINETIC THEORY OF LIQUIDS 


J. Frenkel, Academy of Sciences of the U.S.S.R. and Physico- 
Technical Institute of Leningrad. Oxford, Clarendon Press, 


1946. xi+ 488pp. 5S figs. 15 X 23.5cm. $13.00. e 


Tue cuapters of this book are divided among the following 
general headings. 


I. Real Crystals at Elevated Temperatures. 
II. Perturbation of Alternation and Orientation Order in 
Mixed and Molecular Crystals. 
III. Properties of Liquids and Mechanism of Fusion. 
IV. Heat Motion in Liquids and Their Mechanical Prop- 
erties. 
V. Orientation and Rotational Motion of Molecules in 
Liquid Bodies. 
VI. Surface and Allied Phenomena. 
VII. Kinetics of Phase Transitions. 
VIII. Properties of Solutions and High Polymeric Substances. 


The book is a monumental and highly original work which 
every scientist interested in this field will have to study. The 
author’s point of view is clearly stated in the Preface as follows: 

“The recent development of the theory of the liquid state, 
which distinguishes this theory from the older views based on 
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the analogy between the liquid and the gaseous state, is char- 
acterized by the reapproximation of the liquid state—at tem- 
peratures not too far removed from the crystallization point— 
to the solid (crystalline) state. 

“The apparent opposition between these two states has been 
removed by the disclosure of elements of rigidity and order in 
liquid bodies on the one hand, and of elements of fluidity and 
disorder in solid (crystalline) bodies on the other. ~ 

“The kinetic theory of liquids must accordingly be developed 
as a generalization and extension of the kinetic theory of solid 
bodies. As a matter of fact, it would be more correct to unify 
them under the title of ‘condensed bodies.’ 

‘In the present book the main stress is laid upon the liquid 
state; the solid state is considered (in the first two chapters) 
from the point of view of the amendments which must be ‘intro- 
duced in the classical theory of ideal crystal lattices in order to 
bridge the gap between the solid and liquid states.” 

The picture of a liquid as a blurred solid lattice can, of course, 
lead to results agreeing rather well with experiment, since it is 
often immaterial whether or not a certain amount of free volume 
is segregated into discrete holes. Yet anyone who desires to 
study the liquid state at the present time should realize that 
many scientists prefer the point of view expressed by Professor 
J. G. Kirkwood in one of his papers in these words: 

‘‘While these methods may be regarded as useful alternatives 
to our own, we believe that liquid structure cannot be adequately 
described in terms of a lattice blurred by thermal motion, but 
that the local order in liquids manifested in the radial distribu- 
tion function is of an essentially different. nature from the long 
range order in crystals.”’ 

Anyone who compares the X-ray picture of a crystal of a 
monatomic substance such as mercury with that of its liquid 
even a short distance above its melting point is likely, in the 
opinion of the reviewer, to be impressed with the view that the 
order in the latter is of extremely short range, insufficient, in the 
absence of strong polar groups, to give rise to ‘“‘cybotactic groups.” 

This criticism is intended only to stiggest that the book should 
be studied in the critical spirit appropriate to theories that are 
only now taking shape. The book abounds in novel and stimu- 
lating concepts and their mathematical formulations, and is a 
“must” for every serious student of the liquid state. 


J. H. HILDEBRAND 


University oF CALIFORNIA 
Berke.ery, CALIFORNIA 


@ BIOLOGICAL SYMPOSIA VOLUME XII: Estimation 
of the Vitamins 

Edited by W. J. Dann, School of Medicine, Duke University, and 

G. Howard Satterfield, North Carolina State College of Agricul- 

ture. The Jaques Cattell Press, Lancaster, Pennsylvania, 1947. 

53l pp. 30 figs. 48tables. 17.5 X 25.5cm. $6.50. 


Tuis 1s a valuable compilation and digest of the various animal, 
microbiolegical, chemical, and physical-chemical methods for the 
assay of about 16 vitamins by 32 authors and joint authors. 

The list of authors includes the names of many outstanding 
workers in the field, and a fair proportion of the chapters were 
critically prepared and represent valuable additions to biochemi- 
cal literature. In some cases the distinction between measuring 
biological activity and assaying for a specific chemical compound 
is not clearly made. It is unfortunate that the interval between 
preparing the material and its publication was so long. As a 
result of this the chapters dealing with the “Vitamin M group” 
and the “Lactobacillus Casei Factor (Vitamin Bc, Folic Acid)” 
are materially different from what they would be if they were 
prepared in 1947. The volume has no index but this lack is ren- 
dered less serious by the subject matter and organization. In 
spite of some defects, many biochemists will find this volume 
highly valuable. ; 


ROGER J. WILLIAMS 


University or TExAs 
Austin, TExas 








Lafayette B. Mendel 1872-1935 


Sterling Professor of Physiological Chemistry at Yale University. 


(Reproduction of an oil painting by John Quincy Adams, presented by his students on 
the occasion of his sixtieth birthday.) 


*‘He has been the guide, philosopher and friend to many young 
men and women; he has encouraged them to walk by themselves 
when they were able to stand alone; and he has given wise coun- 
sel in times of difficulty. Herein he has shown himself as one 


of the great teachers of his time.” 
GraHaM Lusk 
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SoMETHING in a recent editorial’! has been 
sticking in my mind for several weeks. I can’t seem to 
reconcile it with good sense. A number of the em- 
ployers of chemists, in both large and small industries, 
had been asked to express themselves on the training 
of students for an industrial career. A number of in- 
teresting and valuable suggestions were made, having 
to do with the content of courses, the arrangement of 
curricula, and the relative merits of tangible and in- 
tangible factors. | 

But the arresting item was the observation: “Nearly 
all of our correspondents stated that the personal qualities 
of the individual are more important than his training.” 

There are, of course, certain attributes which any 
person*must have in order to be allowed to circulate in 
society. We cannot tolerate the habitual kleptoma- 
niacs, the willful prevaricators, nor the criminally in- 
sane. But when the personnel representatives of these 
chemical employers come to a university to recruit 
young men for their organizations do they go to the 
Dean of Men and say: ‘Will you please pick out from 
all your students the most unselfish, industrious, honest, 
cooperative and reliable, so that I may offer them re- 
sponsible positions as research chemists?” Not at all. 
Instead, they go to the Department of Chemistry and 
ask to interview the students who can be recommended 
as having a good fundamental training in chemistry. 

Then, in their interviews, taking technical training for 
granted, they try to pick men with the personal charac- 
teristics which will fit them for their particular organi- 
zations. 

At least this distribution of emphasis has been the 
outcome of all previous polls of employer opinion. 
The one quoted above, if it means what it implies, 





1 Reitorial, Industrial & Engineering Chemistry, 39, 807 (July, 
1947). 
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would destroy much of the significance of the work of 
the Committee on the Professional Training of Chem- 
ists, which has made no provision in its list of require- 
ments and specifications for the development of social 
qualities and graces. 

No one would be inclined to minimize the importance 
of ‘‘personal qualities’; the question is what is implied 
and included. In the process of education everything 
presupposes something else. “Putting first things first”’ 
is often pretty difficult. Obviously, if a man is to be a 
unit in an industrial organization he must be a “social”’ 
individual, to the extent that he does not continually 
fight with his colleagues, that he can be depended upon 
to tell the truth, that he will follow rules and instruc- 
tions, that he does not pick his neighbor’s pocketbook, 
that he.keeps himself clean enough not to be offensive 
—and, for that matter, that he is able to walk around 
upright and be strong and healthy enough to be on the 
job at least on most of the working days. But these are 
“personal qualities’ which are necessary for participa- 
tion in almost any branch of the everyday life of the 
world. Their development is scarcely part of one’s 
chemical education; anyone should have acquired them 
by the time he is old enough to understand chemistry. 

On the other hand, if a man is to become a profes- 
sional chemist it would seem that a fundamental knowl- 
edge, at least, of the science should be a prerequisite. 
We have always assumed it to be. 

In any proper evaluation, of course, both elements are 
necessary: ‘personal qualities’ and chemical training. 
To say that one is more important than the other is 
trying to choose between the egg and the chick. The 
danger in the statement quoted above is that it may lead 
the uncritical to assume that one can become a suc- 
cessful industrial chemist without any training if he is 
only “personable” enough. I have yet to find any evi- 
dence that this is the case. 





EARLY CHINESE MILITARY PYROTECHNICS 


Tue ANTIQUITY of firearms in China—that is, of 
guns and cannon—has been the subject of numerous 
studies by Chinese and by Occidental scholars, the 
most recent and most conclusive of which are two 
papers, by Goodrich* and by Goodrich and Féng,‘ 
from which it appears that guns were in use in China 
nearly two centuries before the Portuguese navigators 
visited Canton in 1517, and probably as early as 1236. 
In the first of these papers Goodrich reports the exist- 
ence, and publishes photographs of ancient Chinese 
iron cannon bearing dates of 1356, 1357, and 1377, and 
mentions copper cannon, now or formerly in the Peiping 
Museum, some dating from the period of Hung-wu 
(1368-98) and others from the ensuing periods of 
Yung-lo through Chéng-t’ung (1403-49). In the 
second paper Goodrich and Féng survey the literary 
evidences, citing earlier studies on the subject and quot- 
ing from Chinese sources, and conclude that there are 
good reasons to believe that the Chinese had real fire- 
arms in the 13th century. In 1132 long bamboo tubes 
were filled with pyrotechnic composition and used for 
throwing flame, in 1259 bullets were loaded into the 
tubes along with the composition and were thrown out 
when it burned, and in 1236 p’ao were cast from gold, 
silver, iron, and bronze. 

The history of firearms constitutes an approach to the 
longer, broader, and less familiar history of fireworks, 
and from fireworks firearms were undoubtedly derived. 
Indeed, our knowledge of the history of Chinese fire- 
works has heretofore been largely a by-product from 
the studies of those who were interested primarily in 
the history of Chinese firearms. 

Among early Chinese texts on military subjects two 
in particular,®5 which deal chiefly with the technical 
aspects of military® pyrotechnics, have attracted our 





1 Emeritus professor of organic chemistry, Massachusetts 
Institute of Technology; Director of Scientific Research and 
Development, National Fireworks, Inc. 

2 Associate professor of Chinese; formerly coeditor of The 
Harvard Journal of Asiatic Studies. 

3 Goopricu, L. €., Isis, 35, 211 (1944). 

( oe L. C., anp Féna Cura-suina, ibid., 36, 114-23 
194 

5 We are grateful to Dr. A. W. Hummel of the Library of 
aaron for calling our attention to these texts, for helping us 

wed pray microfilms from the copies in the Library of Congress, 

for kind permission to reproduce parts of them. We have 
also used a copy of the second of these texts which we later found 
in the library of Harvard University. 

6 “Fuo-hsi Liieh,” by Chao Hsiieh-min, written before 1753, 
treats of civil or recreational fireworks. . L. Davis AND 
lees Yutn-ts’unG, Proc. Amer. Acad. Arts Sci., 75, 95-107 

1943). 


TENNEY L. DAVIS! 
Norwell, Massachusetts 


JAMES R. WARE? 
Harvard University, Cambridge, Massachusetts 


interest—namely, “Téng T’an Pi Chiu,” by Wang 
Ming-hao, written near the end of the 16th century, and 
“Wu Pei Chih,” by Mao Yiian-i, written about 1621, 
Both contain many informative and interesting illus- 
trations. 

In “Téng T’an Pi Chiu,” chapter 29 bears upon the 
use of “fire”? and comprises 76 double pages with 23 
illustrations, or, more exactly, 23 single pages which 
carry pictures, sometimes more than one. 

The ‘Wu Pei Chih” is the much more interesting 
document. Its chapters 119 to 135 inclusive form 310 
double pages and contain 222 single pages,of pictures, 
among them nearly all of those which are included in 
the “Téng T’an Pi Chiu.” It has been studied by W. F. 
Mayers who used a considerable portion of, the his- 
torical material which it contains, along with such other 
information as he could glean from Chinese sources, to 
support the conclusions of a paper on the history of gun- 
powder and firearms in China which he read before the 
Royal Asiatic Society at Shanghai on May 18, 1869, 
and published shortly afterward in the Society’s jour- 
nal.” He reproduced more than a dozen pictures from 
it, of guns and of pieces of fireworks, and described 
several of the latter which, however, he did not seem 
to have understood very clearly himself. Mayers 
stated that the ‘“‘Wu Pei Chih” contains pictures of nine 
kinds of matchlock guns besides 14 other Weapons 
“more or less fantastic” for vomiting fire, of 14 kinds of 
explosive vessels in the shape of flasks, jugs, etc., of 
numerous devices using rocket-propelled arrows, some 
of which he judged to be “obviously no more than crude 
and impracticable fancies,” and of a dozen or more can- 
non of various kinds from the caliver (fo-lang-chi), 
which the Portuguese brought to Canton on shipboard 
in 1517 to unwieldy masses of metal on heavy trucks 
like the “great commander” (ta-tstang-kitin). We note 
that certain of the pictures, showing cannon similar to 
the early dated examples tu which Goodrich? has called 
attention, represent firearms which the Chinese had 
before the advent of the seafarers from Europe, hence 
cannon indigenous to China or, at least, of overland 
provenance. The “Wu Pei Chih” contains much ma- 
terial on pyrotechnics which was beyond the interest 
of Mayers or outside the focus of his inquiry, and it is a 
portion of this treasure trove that we now wish to bring 
forward and to make more readily accessible to Occi- 
dental students. 


7 Mayers, W. F 
N.S., 6, 73-103 (1871). 
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The contents of the “Wu Pei Chih” presents itself 
for our study in a form similar to that in which a rich 
and diversified collection of fossils might present itself 
for the study of a paleontologist. Our method, which 
we scarcely hope to pursue to its conclusions in the 
present paper, must be the method of the comparative 
morphologist. The specimens have been brought to- 
gether by an early collector who, for the most part, 
has not fixed their dates nor described the strata and 
terrains in which he found them. Some of them repre- 
sent forms which are still extant. - Others are of such 
simple and primitive structures that they must have 
been near to the origins. And yet others are of forms 
which have not been described heretofore, intermediate 
in their complexity between the most primitive and the 
most recent. These represent missing links in the de- 
velopment of pyrotechnic devices and indicate the 
mode of their evolution. 

Numerous dated events in the history of Chinese 
fireworks have been reported from Chinese sources by 
Mayers’ and by Goodrich?* and Féng.4 Set down 
succinctly in a chronological table they supply a back- 
ground to our examination of the “Wu Pei Chih” and 
a framework upon which we may hang at least a portion 
of its contents. 


6th century Bamboos, crackling in a fire, used in Hupeh and 
Hunan to drive away malignant spirits. Fire- 
crackers not yet known. 

Emperor Yang of Sui dynasty introduced fireworks, 
probably firecrackers. 

T’ang dynasty. Fang I-chih (ca. 1630) believes 
that recreational fireworks were already known, 
fire trees and silver flowers. A certain ‘Yiian 
Shu Chi,” whose history is very beclouded, men- 

. tions crackers, rockets, serpents or squibs, and 
exhibition pieces. 

The sovereign of Wu had a furious fiery oil for use in 
warfare. 

Yo I-fang prepared fire arrows for the Sung emperor. 

Fire balls, thrown from catapults, used against the 
Kin in defense of K’ai-féng-fu. 

An invention of Ch’én Kuei, long bamboo tubes 
filled with pyrotechnic composition, used to rout 
bandits at Té-an. 

Wei Shéng used fire stones against the Kin, made 
from saltpeter, sulfur, and willow charcoal, 
thrown from catapults. . 

Kin Tartars attacked a Chinese city with (ieh- 
huo-p’ao, explosive bombs, gourd shaped, of cast 
iron about two inches thick. 

Kin Tartars, defending Lo-yang and K’ai-féng-fu 
against the Mongols, employed heaven-quaking 
thunderers (explosive bombs) and flying fire spears 
(equipped with fire tubes). 

Chinese at Shou-ch’un employed ?’u-huo-ch’iang, 
long bamboo tubes which threw smoke and fire 
and one or more bullets. 

Chang Shun had fire spears and fire ballistae on 
board boats at Siang-yang Fu. 

Cast iron cannon of these dates exist in Chinese 
museums. 

Copper cannon of these periods in museum at 
Peiping. 

Emperor Yung-lo established a fire weapon brigade. 
General Chang Fu, in his assault on Topang, used 
guns and bombs attached to animals. 


603-617 


618-906 


917 


968 
1126 


1132 


before 1164 


1221 


1232 


1259 


1272 


1356, 1357, 
1377 
1368-98, 
1403-49 
1407 


THROWN INCENDIARIES 
Arrows Carrying Incendiary Composition 


Incendiary arrows for shooting from a bow, Figure 1, 
were prepared by binding to the shaft of the arrow, close 
behind the barbed head, sacks pf cloth or paper filled 
with an incendiary powder made up in large part from 
the three basic ingredients 
of black powder. The mix- 
ture was lighted by means 
of a fuse. Other incendi- 
ary arrows, for throwing 
by a whip or throwing stick, 
Figure 2, were made by fill- 
ing long, thin bamboo tubes 
with the powder. “Wu 
Pei Chih” 119.10b, gives 
recipes for an arrow powder 
and for a bursting powder 
which is preferably used as 
an incendiary.’ 


Incendiary Arrow for 
“Wu 


Figure 1. 
Shooting from a Bow. 
Pei Chih”’ 126.10b. 


Arrow powder 
Saltpeter 
Sulfur 
Willow charcoal 
Eggplant charcoal 
White arsenic 
Camphor (?) (chao-nao) 
Bursting powder 
Saltpeter 5 pounds 
Sulfur 1 pound 
Charcoal 15.5 ounces 
White arsenic 0.5 ounce 
Camphor (?) 0.1 ounce 


Mix with good spirits and dry. 
Fire B2lls 

Another treatise on military subjects, ‘“Wu-ching 
Tsung Yao,” compiled in 1044 by Tséng Kung-liang, 
gives 1.12.58a, a recipe for huo-yao or incendiary 


powder for use with whip arrows or with barbed ar- 
rows, 5 ounces of it packed behind the barb, I.12.60b- 


® One catty (pound) equals 16 liang (ounces); 1 liang = 10 
ch’ien; and 1 ch’ien = 10 fén. At present 1 catty = 500 grams. 


5 pounds 
14.9 ounces 
12.0 ounces 

0.5 ounce , 

0.5 ounce 

0.1 ounce 











Figure 3. Incen- 
diary Whip Arrow 
with Tube of Spat- 
tering Fire. ‘“‘Wu 
Pei Chih” 128.16b. 


Figure 2. Incendiary 
Arrow for Throwing by a 
Whip or by a Throwing 
Stick. ‘‘Wu Pei Chih” 

126.13b. 





Figure 4. In- 
cendiary Arrow 
with Two Tubes 
of Spattering 
Fire. ‘“‘Wu Pei 

Chih” 128.17b. 





Figure 5. Fire 
Spear with Two 
Tubes of Spattering 
Fire. “Wu Pei 

Chih” 128.2b. 


& 
4 
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Figure 6. Fire Spear, 
Showing How Fire is 
Thrown Forward. “Wu 

Pei Chih’’ 128.3b. 


61b. The same powder was also used for the prepara- 
tion of incendiary missiles, fire stones or fire balls, which 
were thrown by catapults. 


Grind together with a pestle and sift— 
Chin-chou sulfur 14 ounces 
K’o sulfur 7 ounces 
Saltpeter 2.5 pounds 


Grind together— 
Realgar 1 
Ting powder 1 
Massicot 1 


Powder— 
Dry lacquer 


ounce 
ounce 
ounce 


Roast to bits or powder— 
Hemp roots (?) 
Bamboo roots (?) 


ounce 
ounce 


Boil to a paste— 
Bee’s wax 
Clear oil 
T’ung oil 
Pine pitch 
Heavy oil 


0.5 ounce 
0.1 ounce 
0.5 ounce 
14.0 ounces 
0.1 ounce 


Mix all these together evenly, wrap in five thicknesses of 
paper, bind with hemp, smear with pine pitch, and throw by 
catapult. 


The same work, I.12.65a, describes an improved fire 
ball which makes a roaring noise when it burns. 


Pestle to a powder— 
Sulfur : 
Saltpeter : 
Charcoal 
Rosin 
Dry lacquer 


5 pounds 
pounds 
ounces 
ounces 
ounces 


Cut into small pieces— 
Bamboo roots 
Hemp roots 


ounces 
ounces 


Melt and mix— 
T’ung oil 
Small oil 
Bee’s wax 


ounces 
ounces 
ounces 
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Melt and mix— 
Paper 12.5 
Hemp 10 
Massicot 231 
Charcoal powder 8 
Rosin 2.5 
Yellow bee’s wax 2.5 


Combine all these and smear all over the ball. Make the ball 
by wrapping around a piece of bamboo [a mixture of] 30 pieces 
of thin porcelain [the size of] iron cash and 3 or 4 pounds of in- 


ounces 
ounces 
ounces 
ounces 
ounces 
ounces 
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Figure 7. French Incendiary Arrows Designed to Throw Fire Forward 
Against the Target. Hanzelet Lorrain, 1630. 











cendiary powder. The two ends of the bamboo will protrude 
about an inch. Smear powder on the outside. If the enemy 
attacks by tunneling, we then dig holes to intercept him. When 
the ball is lighted with a hot poker, it will make a noise like a 
rumbling. When it is lighted, fan its smoke and flames so as to 
smoke and burn the enemy. 


The open tube through the center of the mass would 
cause the missile, when thrown through the air, to pro- 
duce a thunderous sound beyond the roar of its burning. 
Perhaps the feu grégeois which the Saracens used in the 
sixth crusade (1248-54) was of this sort, of which Join- 
ville gave an eyewitness account, that it made such a 
noise as it drew near that it seemed to be a thunderbolt 
from heaven, that it seemed like a dragon flying 
through the air, as large as a keg of verjuice, with a fiery 
tail as long as a great sword.® 


Spattering Fire for Arrows and Spears 


“Wu Pei Chih” 128.18a, gives a recipe’ for a compo- 
sition to be charged into small tubes attached to arrows 
and spears for producing a spattering fire, Figures 3, 
4, 5, and 6. 


Spattering fire 
Saltpeter 1 pound 
Sulfur 4.5 ounces 
Pine charcoal 3.8 ounces 
Cinnabar 1.6 ounces 


9 JOINVILLE, ‘‘Histoire du Roy Saint-Loys,”’ quoted by La- 
LANNE, ‘‘Recherches sur le Feu Grégeois, et sur l’introduction de 
la poudre 4 canon en Europe,” 2nd ed., Paris, 1845, pp. 55-6. 

1 This is the recipe which Marsrs, loc. cit., pp. 102-3, judged 
erroneously to be “‘the nearest approach to a description of gun- 
powder as at present fabricated’? contained in the ‘Wu Pei 
Chih,” the only one, out of the many in the treatise, which he 
reported. We correct his typographical error in the amount of 
pine charcoal. The word, spattering, used by Mayers and not in 
the Chinese, evidently describes clearly the performance of the 
composition. 
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The performance of this composition would depend 
upon the manner in which it was mixed and loaded. 
A well-mixed and tightly packed mass would give a 
fountain or jet of fire, a slightly non-homogeneous 
mixture would sputter, and one containing an admix- 
ture of less porous and slower burning fragments 
would behave like a Roman candle. 

The flying fire spears which the Kin used in 1232 
while defending Lo-yang and K’ai-feng-fu against the 
Mongols—“‘which, on being ignited, burnt forward 
with a sudden flame to a distance of ten paces and up- 
wards, so that no one durst approach them’”’!—were 
evidently used for thrust, like a bayonet, not as thrown 
missiles, and were contrived in such manner that they 
spurted fire in the same direction as the spear point was 
aimed. ; 


The spattering fire, because of the mercury in its com- 


position, would produce extremely unpleasant burns. 
The smoke would be poison- 
ous and the flame would 
cause a chemical burn as 
well as the ordinary effects 
of heat.12 Jean Appier 
(Hanzelet Lorrain), in a 
book on fireworks which was 
printed in France in 1630, 
only a few years later than 
the ‘Wu Pei Chih,” de- 
scribes and illustrates, Fig- 


ures 7 and 8, incendiary 
darts and arrows carrying a 
similar mercurial composi- 


tion contained in cloth 
sacks of double thickness, 
tied to the shaft, bound with 
string, and arranged to 
throw fire towards the ~** Tacatie hasoahe, 
target.}% 1630. 


11 Mayers, 2bid., p. 91; LALANNE, loc. cit., p. 74, thought that 
the flying fire spears were rockets, probably armed rockets, similar 
to those which the Hindus used against the British at the siege of 
Seringapatnam in 1799, but he had not seen the ‘‘Wu Pei Chih” 
and its illustrations. 

12 Cape, M., wits F. Frenco in “The Gobi Desert,’ The 
Macmillan Company, New York, 1944, p. 241, tell of the infected 
wounds, charred as if they had been caused by a chemical, which 
they treated in 1930, wounds produced by ancient fire arrows 
recovered from the disuséd arsenal at Hami. It is entirely 
unlikely that the incendiary contained phosphorus as they sug- 
gest, but the facts are consonant with the belief that it was a 
mercurial such as is described in the ‘‘Wu Pei Chih.” 

18 Lorraln, H., ‘‘La Pyrotechnie,” Pont & Mousson, 1630, p. 
163, gives the recipe, as follows. ‘“Take a quarteron of powder 
(gunpowder) ground up and sieved, a quarteron of powdered sul- 
fur, three quarterons of saltpeter fine and well-dried, a treseau 
and a half of camphor, and two treseaux of mercury, the whole 
powdered and mixed by hand and moistened with a little petro- 
lum. Note that it is necessary to grind the camphor with the 
sulfur, and also the mercury. Then fill your cloth bag as hard 
as youcan. Then sew up the hole through which you have filled 
it, and fasten it strongly with pra J wire or string. Afterwards 
make a little hole or two at the end which is near the barb of the 
said iron, and insert one or two little skewers of wood. Then 
cover with brimstone made as is described in the chapter gn the 
said brimstone. And when you wish to shoot, pull the skewers, 
prime with good powder pure and well ground up, set the shaft 
on the bow or arbalest, setting fire to the said primer and letting 
it take hold well before shooting.” 





Figure 8. French Incendiary 
Darts for Shooting from a Hand 
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In addition to the pyrotechnic compositions listed 
in the next section of this paper, the ““Wu Pei Chih” 
119.17b describes an incendiary mixture which ap- 
pears to be suitable for use in the sacks of incendiary 
arrows and in fire balls, fire stones, and so forth. 

Bright incendiary powd 

Gingko biloba 

Rosin 

Sulfur 

Orpiment 

Male arsenic (realgar) 

Saltpeter 

Charcoal of bamboo, birch, or willow, to 
each pound [of the preceding mixture] 4 ounces 

It also describes, 119.20a, a “powder combining the 
three fires” (flying, poison, and superior) which is evi- 
dently intended for use in tubes to produce a spattering 
fire. 

Triplex fire powder 

Saltpeter 1 
Sulfur 6 ounces 
Charcoal of bamboo, calabash, willow, or pine 4 ounces 
Cinnabar 0.3 ounce 
Mercury 0.3 ounce 

Grind until the stars (7. e., droplets of mercury) disappear. 





1 pound 
1 pound 
2 pounds 
3 ounces 
3 ounces 
7 pounds 


pound 


PYROTECHNIC COMPOSITIONS 
Materials 


Chief ingredients of powder for fire and for offense, ““‘Wu Pei Chih” 
119.1la 


Saltpeter, a principal 
Sulfur, a principal 
Calabash charcoal, a burning charcoal 
Bamboo charcoal, the exploding charcoal is from the leaf 
Willow charcoal, a principal charcoal 
Pine charcoal, a principal charcoal 
Birch bark charcoal, torpedo charcoal 
Hemp grass, soundless 
Orpiment, regulating fire 
Realgar, poison fire 
Subsidiary ingredients of powder for fire and for offense, ““‘Wu Pei 
Chih” 119.11b 
Peach flower arsenic, red 
Agate arsenic, variegated 
Camphor (?) (chao-nao), dark fire 
Ch’en-chou cinnabar, explosive 
Mercury, explosive 
Silver (?), brilliance 
T’ieh-chiao arsenic, blackens 
Chiang-tzu oil, poison 
Dried lacquer, fire 
Croton bean, sputter 
Croton oil, brilliance 
Hemp oil, boiling 
Hemp-seed oil, explosive 
Azalea flowers, bewildering 
T’ung oil, burning 
Gold juice, brilliance 
Garlic juice, poison 
Aconite lycocton, hot 
Gingko biloba leaves, fire 
’ River porpoise, the slipperiness counteracts the wind 
Aconite, hot 
Fischer aconite, hot 
Siebold’s spurge, counteractive 
Szechuan varnish, emetic 
T’ieh-chiao lotus, poison 
Polygonum blumei or orientale and Hsiao-liao, poison 
River yellow, sharp 
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Powdered ginger, bewildering 

Prosopis flexuosa, crackling 

Pinellia tuberifera, silence 

Day flower (?), if dampened with it, the skin or flesh becomes 
burnt 

Aconitum Napellus, L., poison 

Wild aconite, poison 

Poison ivy (or gelsemium elegans), intestine-severing 

Sulfur ash, poison , 

Blood-meat-grass, when wetted with it, the pores spout blood 

Herpestis Monniera, poison 

Pa-frost, poison 

Human sperm, poison 

Wolf dung, wind 

Seal-throat-grass, on rinsing the throat with it one becomes 
mute 

Blister fly, arsenic 

Scolopendrid, poison 

Cobra (?), poison 

Kei (?)-snake, poison 

Gelsemium elegans (or poison ivy), on entering the intestines 
it cuts them to bits 

Toad, poison 

Tabasheer, poison 

Rush flower grass, fire 

Reed-flower, fire 

Polygonum Blumei, poison and brilliance 

These are used in the compounding of superior fire, poison fire 
regulating fire, flying fire, and brilliant fire. 


Black Powder 


Fire powder (for fireworks), “Wu Pei Chih” 119.10a 


Saltpeter 
Sulfur 


5 pounds 
1 pound 
Charcoal of eggplant or willow or pine branch 1 pound 
Grind together in three batches: 5800 strokes. Mix with 
spirits in ratio of 1 (spirits) to 3 (powder). Then shape into pel- 
lets the size of panicled millet or green peas. The batch is all 
right if a lighted pellet will not burn the palm of the hand. Use 
in small quantities, for it is very fast. 


Fire powder (for incendiary match). ‘Wu Pei Chih” 119.10b 
Pure saltpeter 1 pound 
Sulfur 3.6 ounces 
Willow charcoal 4.3 ounces 
Eggplant charcoal 0.5 ounce 
White eggplant charcoal 0.5 ounce 
Camphor (?) 0.3 ounce 

Mix as described in preceding recipe, but do not form into pellets. 
To be used with powder from preceding recipe in rolled or flat 
match. 

Fire arsenic (priming powder or first fire). 

119.20b 
Saltpeter (made with alcohol) 1 ounce 
Calabash charcoal 0.3 ounce 
Blister fly 0.3 ounce 
Sulfur 0.03 ounce 

Explosive powder (for priming). ‘‘Wu Pei Chih” 119.2la 
Saltpeter 4 ounces 
Sulfur 0.3 ounce 
Charcoal 0.08 ounce 


Ordinary powder for.guns. ‘Wu Pei Chih” 119.20b 
Saltpeter 4 ounces 
Sulfur 0.1 ounce 
Charcoal 0.17 ounce 
Blister fly 0.1 ounce 

Cannon powder. ‘Wu Pei Chih’ 119.21b 
Saltpeter 10 
Sulfur 6 
Calabash or bamboo charcoal 3 ounces 
Orpiment 1 ounce 
Realgar 0.5 ounce 


“Wu Pei Chih” 


ounces 
ounces 
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Lead [bullet] gun powder. ‘Wu Pei Chih” 119.21b 
Purified saltpeter 40 
Sulfur ' 6 
Charcoal of willow or calabash or egg- 

plant stalks 6.8 ounces 


Grind each separately until very fine. Mix together with a bit 
of water, dry, pestle it 1000 times, take up and dry in the sun. 
Do this three times, so as to make a fine powder. Each gun will 
use 0.25 ounce of powder, or, to shoot far, 0.3 ounce. The size 
of the bullet will vary with the weight of the powder. It is use- 
ful to add a spider skin. 


Flat match. ‘Wu Pei Chih” 119.1la 

Cut a strip of thin cloth. Brush it with thin flour paste, and, 
while it is wet, spread it with the fire powder. Fold double, and 
the match is made. Stick it on the wall so that it may dry in the 
shade. After oiling with tung oil, it may be used. This will 
keep the rain out of it. 


ounces 
ounces 


Slow Fire 


The fire seed described in “Wu Pei Chih” 119.20b, 
appears to be a mixture designed to burn slowly and 
inconspicuously for a long time—a desirable composi- 
tion for use when percussion primers, friction matches, 
etc., were not yet known—but the burning time which 
is claimed for it seems greatly exaggerated. 


1 pound 
3 ounces 
3 ounces 
3 ounces 
6 ounces 


Asbestos 

Iron rust 

Charcoal powder 

Bran 

Pulp of the red jujube fruit 


Mix roughly with rice water and form into cakes. Each ounce 
will last a month. 


Fountain Powder 


To a modern American or European fireworks-maker, 
the term ‘Chinese fire’ means a pyrotechnic composi- 
tion containing ground cast iron, along with saltpeter, 
charcoal, and sulfur, and, if a particularly energetic 
jet of fire is desired in a gerb or in the driver of a 
Catherine wheel, with meal powder as well.‘ The 
ground cast iron gives scintillating sparks which are 
characteristic of Chinese fire. Since the term has been 
in use in Europe for two centuries or so, it is especially 





14 Jongs, R., in ‘‘Artificial Fire-Works,” etc., 2nd ed., London, 
1766, p. 44, gives recipes for ‘“‘Chinese Fire. Saltpeter twelve 
ounces, meal powder two pound, brimstone one pound two 
ounces, and beat iron twelve ounces,” and ‘“‘For Ger Meal 

owder six pound, and beat iron two pound one ounce and a half.” 

e discusses, pp. 83, 84, the necessity for protecting the iron 
particles from moisture and suggests that they be coated with 
sulfur by stirring them with melted brimstone. JAmMEs CuTBUSH, 
in “A ore of Pyrotechny,” etc., Philadelphia, 1825, p. 371 
says, ‘‘The Chinese have long been in possession of a method o! 
rendering fire brilliant and variegated in its colours. Cast- 
iron reduced to a powder more or less fine, is called iron-sand, 
because it answers to the name given to it by the Chinese. They 
use old iron pots, which they pulverize, till the grains are not 
larger than radish seed; and these they separate into sizes and 
numbers, for particular purposes.” He mentions that “rockets, 
into the composition of which, iron-filings and iron-sand enter, 
cannot be long preserved, owing to the change which the iron 
undergoes in consequence of moisture,’”’ and seems to have been 
unacquainted with the use of linseed oil for protecting the iron, 
as is done at present, or of tung oil which is even better. He 
gives several formulas for Chinese fire, of which we note here only 
the one for gerbs, p. 376—namely, saltpeter 1, sulfur 1, meal 
powder 8, charcoal 1, and pulverized cast iron 8. - 
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interesting now to find an authentic Chinese recipe for 
fountain fire in ““Wu Pei Chih” 119.21b. 


Saltpeter 

Sulfur 

Finely ground [iron] (roasted in ?’ung or croton 
oil) 


Charcoal 


Rocket Powder 


Rising fire. ‘‘Wu Pei Chih” 119.10b 
Saltpeter 
Sulfur 
Charcoal 
White arsenic 
Camphor (?) . 0.1 ounce 
Blister fly 0.2 ounce 
Mix in one batch with spirits, and dry. Then re-grind, 

mix again with spirits, dry, and grind. 

Rising powder. ‘Wu Pei Chih” 119.21la 
Saltpeter 1 ounce or 1 ounce 
Sulfur 0.3 ounce or 0.03 ounce 
Litharge 0.04 ounce 
Charcoal 0.3 ounce or 0.35 ounce 


Day rising powder. ‘Wu Pei Chih” 119.21a 
Saltpeter 
Charcoal 

Night rising powder. 
Saltpeter 
Sulfur 
Charcoal 


Colored Smokes 
“Wu Pei Chih” 120.5b 


5 pounds 
14.8 ounces 
15.5 ounces 

0.5 ounce 


“Wu Pei Chih” 119.21b 


Blue smoke. 
Saltpeter 
Birch bark 
Sulfur 
Charcoal 
Blue dye (from woad) 


White smoke. ‘‘Wu Pei Chih” 120.6a 
Saltpeter 
Sulfur 
Charcoal 
Lead powder 


Red smoke. ‘Wu Pei Chih” 120.6a 
Saltpeter 1 
Rosin 2 
Massicot ; 1 
Pitch 0 
Violet smoke. ‘‘Wu Pei Chih” 120.6a 
Saltpeter 1 ounce 
Sulfur 0.3 ounce 
Charcoal 0.1 ounce 
Violet powder (cinnabar) 0.5 ounce 
Hemp oil a trifle 


Black smoke. 
Saltpeter 
Sulfur 
Charcoal 
Lignite 
Fresh shoots of the soap bean tree 


.08 ounce 


“Wu Pei Chih” 120.6b 


Stenches 


Many of the subsidiary ingredients of pyrotechnic 
mixtures produce poisonous, suffocating, and malodor- 
ous smokes. “Wu Pei Chih,” 119.22a-25b, describes 
stenches and other offensive mixtures containing fish 
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oil, roe, spiders, and so forth, along with saltpeter, white 
arsenic, litharge, and other ordinary materials, and 
states, 120.2a, that sawdust fried in ?’ung oil and 
packed in sacks supplies a means of producing lachry- 
matory smoke. 


; STINK POTS 
The toxic smoke pot shown in Figure 9 is loaded with 


ay 


“paper tubes containing all 
sorts of powders.” The 
text states that “it burns 
eyes, beards, and hair, and 
that it frightens.” Figure 
10 pictures another offensive 
incendiary containing 14 
small tubes of composition 
and one large one in a single 
container, the several fuses 
wound together into a single 
fuse by which the pot is 
lighted. The contrivance 
represented in Figure 11 
contains in its middle a 
powder charge which on ex- 
ploding throws missiles about and scatters a burning 
mass which gives off poisonous fumes and lachryma- 
torysmoke. The text states that it contains ¢’ung oil, 
silver rust (presumably water-silver rust, which is mercury 
oxide), sal ammoniac, gold juice, garlic juice, roasted 
iron filings, porcelain dust, and cast iron bullets. 


1 























Figure 9. Toxic Incendiary 
Stink Bomb. ‘‘Wu Pei Chih” 
122.17b. 


10. Offensive Incendiary 
“‘Wu Pei Chih’’ 12319a. 


Figure 
Stink Pot. 


SPOUTING FIRE WEAPONS 


The same spattering fire composition which was used 
in small tubes attached to arrows and spears was also 
used as the principal charge in larger weapons. The 
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Figure 11. Bomb Which Throws 

Out Missiles, Poisonous Fumes, 

and LachrymatorySmoke. ‘Wu 
Pei Chih’”’ 122.19b. 








upset horse fire-serpent divine staff, shown in Figure 12, 
consists of a tube of 
wrought iron, three feet 
long, loaded with spatter- 
ing fire and lead bullets, 
supported by a wooden 
handle four feet in length. 
It was evidently intended 
for use against -horses and 
horsemen. Figure 13 rep- 
resents another device 
operating on the same 
principle, made from bam- 
boo, wound with wire, and 
; filled with noxious sub- 

stances. The fire weapon 
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Figure 12. Upset-Horse Fire- 

Serpent Divine Staff, Seven 

Feet in Overall Length, Spouts 

Toxic Fire and Bullets. ‘‘Wu 
Pei Chih’’ 128.10b. 


pictured in Figure 14 is 
loaded like a Roman 
candle and throws incen- 
diary pellets which burn 
with a bright light and a 
toxic smoke. The text 
describes how it is loaded, 
first a layer of slow pow- 
der containing relatively 
much charcoal and rela- 
tively little saltpeter, 
then a layer of spurting 
powder, then one pellet 
the size of the tube con- 
taining saltpeter, cam- 





Figure 13: Wire-Wound Bamboo 

Portable Toxic Fire Spouter, 

Throwing Flame and Bullets. ‘‘Wu 
Pei Chih”’ 124.18b. 
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phor, pine perfume, realgar, and white arsenic, then 
the same sequence again until five such loadings have 
been made. It states that the pellets travel several 
hundred feet. 


oy 
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Figure 14. Thrower of 
Toxic Incendiary Pellets, a 
Form of Roman Candle. 

“‘Wu Pei Chih"’ 129.2a. 


> | sayaeeC) 


ILI TT TTTTTiTT) 








The string-of-100-bullets cannon, Figure 15, throws 
out poisonous smoke and vapors, along with bullets 
which are fed gradually into the stream of outpouring 
gases and are carried along with them. It is cast of 
pure copper about four feet long. A trough a little 
more than a foot long is cast on its side. ‘Store here 
about one hundred bullets. 
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Figure 15. String-of-100-Bullets Cannon. A Toxic Aero- 
sol Projector Which Also Throws Bullets. “Wu PeiChih” ~ 
122.13a. 


When [the gun is] raised | 
upright, the bullets will fall into;the barrel. j. They will | 
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fire out in succession.”’” The weapon takes a charge of 
one and one-half pints of fa powder. ‘‘Wu Pei Chih” 
119.18b, says of fa powder: “It is very fierce, not a 
solitary thing can be seen, not a step taken, so that 
one will capture alive bandits and soldiers.” The text, 
119.19a, mentions its components — realgar, orpiment, 
saltpeter, sulfur, bamboo charcoal, birch charcoal, 
willow charcoal, white arsenic, stone coal, human sperm, 
pine perfume, big grains, elm grains, red smartweed, 
black smartweed, foreign bitter, river bitter, and the 
four kinds of ginger. 

The poison-mist-divine-smoke cannon, Figure 16, is 
loaded with white arsenic, realgar, orpiment, wolf dung, 
and other noxious materials. ‘‘When attackers mount 
the wall, these are lighted and burst forth with spread- 
ing smoke.” 


GB A Bh 
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Poison-Mist-Divine-Smoke Cannon. ‘‘'Wu Pei Chih’’ 
122.22b. 


Figure 16. 


Concerning the device shown in Figure 17, called a 
lotus, the text says: ‘“‘Mix up evenly all sorts of powders 
and place in the bottom of this container. Arrows a 
foot long, with iron heads and iron feathers, are 
added.’”’ The weapon apparently spews forth all sorts 
of fire, smoke, and poison, along with shrapnel in- 
tended to produce wounds. 


EXPLODING WEAPONS, GRENADES, BOMBS, SHELLS 


‘Wu Pei Chih” describes and illustrates many weap- 
ons which function by exploding, by producing a 
frightful noise, and by throwing fragments about for 
creating wounds, starting fires, or producing toxic and 
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Figure 17. The Lotus, a fire, 
smoke, poison, and shrapnel ejector. 
.. .. “Wu Pei Chih"’ 129.6a. 


suffocating smokes. Some are to be carried by animals, 
some to be thrown by hand or by catapult, and some to 
be shot from cannons and mortars. 

The hornets-warm bomb, Figure 18, is made from a 
round basket of splints. Forty or fifty layers of paper 


¢ 





“Wu Pei 


Hornet-Swarm Bomb. 
123.4b. 


Figure 18. 
® Chih”’ 
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are pasted on it and allowed to dry. Then 15 layers 
of oiled paper are pasted on. Through a hole three 
pounds of gunpowder is introduced, a half pound of 
iron thorns, and several dozen each of flying-swallow 
poison and paper fire-crackers. This makes a fairly 
sizable package which is carried and thrown by means 
of a flexible rope handle. 


Figure 19. A Bomb on an Ex- 

pendable Carrier Going Forward 

Toward the Enemy's Position. 
**Wu Pei Chih”’ 131.13b. 


The eight-directions-whirlwind-poison-mist-thunder 
shell, Figure 20, is fired from a gun. It is made of cast 
iron and is charged with divine smoke and fa powder to 
produce a toxic and suffocating smoke. ‘There will 
be a loud thunder clap, and the pieces of iron will fly 
like bullets.” 

The flying-cloud-thunder shell, Figure 21, is made of 
cast iron, “‘as big as a bowl, as round asa bowl.” It 
holds half a pound of divine fire. It is to be shot from 
acannon. The directions say: “Shoot ten at a time.” 

The text accompanying the picture of the soldier 
firing three mortars, Figure 22, reads as follows. 


A large (wide) iron cannon is packed with powder. Make a 
small hollow shell of cast iron, and pestle it full of fire powder. 
Insert a small bamboo tube and place a rather long fuse. Place 
over the mouth of the large cannon. First light the fuse of the 
shell, then that of the large cannon. The large cannon will des- 
patch the shell which will burst over yonder. 





— 
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Figure 20. Eight-Directions - Whirlwind - Poi- 
son - Mist - Thunder-Shell. ‘‘Wu Pei Chih"’ 123.5 b. 
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Figure 21. Flying-Cloud ~« Thunder-Shell Shot from a 
Cannon. ‘‘Wu Pei Chih" 122.18b. 


Figure 22. Explosive Shells Thrown from Mortars. 
“Wu Pei Chih” 122.26a. 
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ROCKETS 


We have very little satisfactory information concern- 
ing the antiquity of rockets. The Kin Tartars defend- 
ing Lo-yang and K’ai-féng-fu against the Mongols in 
1232 used flying fire spears (fet huo chiang) which have 
by some been taken for rockets, and the date, 1232, has 
been quoted as that of an early, perhaps the earliest, 
use of rockets in warfare. But the flying fire spears, 
from the historical account and from the pictures in the 
“Wu Pei Chih,” seem actually to have been spears 
equipped with fire tubes which threw fire forward 
for a distance of about 30 feet. This is a reasonable 
distance for fire to be thrown from a small tube, but it is 
an unreasonably short trajectory for a rocket and one 
which would yield but little military advantage. 

At the time when the ‘‘Wu Pei Chih” was printed, the 
Chinese had already developed great skill in the tactical 
use of rockets and were far ahead of the Europeans in 
their military application. Rocket-propelled arrows 
with razor-sharp heads, when fired in clusters, provided 
a formidable weapon, and one uniquely qualified for 
special jobs of offense and defense, for attacks from 
ambush, for the defense of defiles and gateways. There 
are many hints in the “Wu Pei Chih” which might have 
been, and perhaps were, of assistance to the engineers 
and strategists who were concerned with the design, 
development, and use of special weapons during World 
War II. 


x 
ii 


Figure 23. Rocket Showing 
Central Cavity. Rocket Attached 
to Shaft of Arrow. “Wu Pei 

Chih”’ 126.2b. 
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While the Chinese turned their genius toward improv- 
ing the military uses of rocket-propelled arrows, they 
do not appear to have tried greatly to improve the 
rockets themselves, but seem, if we may judge from the 
pictures in the ‘‘Wu Pei Chih,” to have remained con- 
tented with small rockets of inferior workmanship and 
performance. The Europeans of the same time had 
better rockets, although they had not yet found, much 
use for them in military operations. Biringuccio in 
1540 was acquainted with rockets which burst at the 
top of their flight, sending forth six or eight other 
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rockets or serpents,’® and Hanzelet Lorrain in 1630 
with recreational rockets which threw out crackers 
(grass-hoppers), stars, and serpents. The latter was 
familiar with the use of an awl or augur for boring the 
charge, and also with the use of a spindle and graduated 
drifts for pounding it in place. He recommended the 
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Figure 24. Tool for Making 
the Central Cavity in the Rock- 
et’s Propelling Charge. ‘“‘Wu 

Pei Chih" 126.3a. 
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military use of rockets of six or seven pounds weight 
with grenades in their heads. These, he believed, 
would frighten both men and horses and would easily 
break up a squadron of cavalry; but this is the only 
warlike application of rockets mentioned in his book.'® 
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Figure 25. 
for Launching. 


Rocket-Propelled Arrow with Tube 
“‘Wu Pei Chih” 126.4b. 





16 ‘The Pirotechnica of Vannoccio Biringuccio, translated from 
the Italian with an Introduction and Notes by Cyril Stanley 
Smith & Martha Teach Gnudi,” The American Institute of Min- 
ing and Metallurgical Engineers, New > gc 1942, p. 443. 

16 LORRAIN, op. cit., pp. 224-5, 2 
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The ‘‘Wu Pei Chih” has a picture, reproduced in 
Figure 24, of a tool for forcing an awl straight into the 
middle of the rocket charge. “It does a better job 
than the drill preferred by the artisans. If the rocket- 
arrow is to fly straight, the hole must be straight other- 
wise it will go off at a tangent.”” There are also pictures 
of devices for carrying the rockets and for launching 
them singly and in clusters. The text describes some 
of them as follows. 


Rocket-basket-arrows. ‘Wu Pei Chih” 126.16b-17a (Figure 
26): Make a cylinder of bamboo splints, length four feet, wider at 
opening than at bottom. Cover with paper, and brush with oil as 
a protection against wind and rain. On the inside arrange cross 
pieces for compartmentalizing the arrows. -Let the bamboos 
have three internodes. On the outside arrange a strap [for hold- 
ing the cylinder] in front of the person. In the side leave a hole 
for passing the fuse. Connecting together [the fuses] fasten 
rising powder to the arrows. Each cylinder will contain 17 or 18 
arrows or 20. On the steel tips smear poison. In front of the 
rising powder attach a pellet of bright powder. These are par- 
ticularly efficient for the burning of fodder, wall-towers, and ships. 
On meeting the enemy it is possible to anticipate the attack. 

Arrows which will rush out on a solid front [like] 100 tigers. 
“Wu Pej Chih” 127.11b-12a (Figure 27): The powder capsule 
(driver tube) is 0.3 foot long. For the arrow shaft employ 
bamboo 1.6 feet long, Behind the feathers there is an iron 
weight. The leather cover. The holes in the upper frame for 
holding the arrows. The lower frame plate. Within the box 
employ fierce arrows, powder capsules, shafts of Fei-tuan bamboo. 
Let there be 100 arrows. Behind the feather place an iron 
weight so that the center of gravity will be four fingers [width] 
from the mouth of the capsule. It will be possible to shoot over 
300 paces, 100 arrows at a time. If smeared with tigét-shooting 
poison, the might [of the arrows] will be very fierce, whence the 
name [fierce of the arrows]. If they are to be used against 
boats or carts, one.may vary the size at wish, but the divine- 


Clusters of Rocket-Arrows Fired from 
‘‘Wu Pei Chih”’ 126.16b. 


Figure 26. 
Baskets. 
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Figure 27. Arrows Which Will Rush Out on a Solid 
Front Like a Hundred Tigers’ ‘*‘Wu Pei Chih’’ 127.11b. 


contrivance type would be best. The type shown here is short 
and small, and particularly intended merely to be carried in 
infantry battles on land by one soldier. 

Leopard-herd-rush-transver- 
sally arrows. ‘Wu Pei Chih” 
127.12b-13a (Figure 28): 
Wooden cover. Powder cap- 
sule (driver tube) 0.5 foot 
long. The arrow shaft, 2.3 
feet long, is to be made of 
Ching [bamboo] sticks. At 
the end there is an iron 
weight. Fuse aperture. Plate 
for adjusting the cover of the 
arrow-box. Upper frame- 
plate for holding arrows. 
Lower frame-plate. The box 
holds divine-contrivance ar- 
rows. The capsules are 0.5 
foot long. The shafts are 
made of Fei-tuan or Ching 
[bamboo] sticks 2.3 feet long. 
Let there be 40 arrows. 
Behind the feather add an 
iron weight so that the center 
of gravity is 6 fingers [width] 
from the mouth of the cap- 
sule. They will be able to 
travel over 400 paces, 40 at 
one time. By arranging the arrows so that at the mouth of the 
box, laterally, they are separated somewhat, whereas at the 
bottom they are close together, at one firing they will scatter 
transversally over several hundred feet. Whenever meeting 
with the enemy in the open country, merely with 10 or so boxes 
before the ranks, for a breadth of several thousand feet everything 
will be arrows. Since [with this] one can attack the enemy to 
both left and right, the name is Leopard-herd-rush-transversally 
arrows. 


Figure 28. Leopard-Herd-Rush- 
Transversally Arrows. “Wu Pei’ 
Chih” 127.12b. 
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“Wu Pei Chih” 127.13b-14a 
Leather cover. Sometimes 


Long-snake crush-enemy .arrows. 
(Figure 29): Sketches of the parts. 
a wooden cover is used. Iron 
turtle for covering the fuse aper- 
ture. Powder capsule 0.4 foot 
long. Shaft of arrow is made of 
bamboo 2.9 feet long. Behind 
the feathers there is an iron 
weight. Fuse aperture plate. 
Upper and lower frame holes and 
plate for holding the arrows. In 
the wooden box one stores 30 
rocket-arrows. The powder cap- 
sules are 0.4 foot long. The 
shafts are 2.9 feet long. In all 
cases the points are to be smeared 
with tiger-shooting poison. Each 
box is to weigh not more than 
five or six pounds, so that one 
soldier. may carry it. Wait until 
the enemy is within 200 paces, 
then fire suddenly all at once. 
The effect is fierce, so that one 
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Figure 29. Long-Snake-Crush- 
Enemy Arrows. ‘‘Wu Pei Chih”’ 
127.13b. 


soldier is superior to 30, whence 
the name. 

A screen of divine rocket-ar- 
rows. ‘Wu Pei Chih” 129.16a- 
16b (Figure 30): Plant fire 
treasury (?). Make this box of 
wooden boards, of a size to hold 
100 or so rocket-arrows. Place 
it between two supports so that 
it can be tilted on an iron axle. 
Whenever there are bandits to 
be suppressed, [this contrivance] 
being stationed on the strategic 
roads, aim it and fire. The 
arrows will go for several hun- 
dred paces. If these are made 
in several hundreds, it will indeed be a great help. 


Figure 30. ‘‘A Screen for Divine 
Rocket-Arrows.”’ “Wu Pei 
Chih”’ 129.16a. 


GUNS 


The discovery that black powder could be used for 
the propulsion of projectiles did not at once result in 
the discontinuance of the old weapons. Arrows con- 
tinued to be fired from bows and arbalests, and efforts 
were made to shoot them from tubes by the propulsive 
action of powder. ‘The “Wu Pei Chih” contains a pic- 
ture, Figure 31, of a gun for shooting an arrow as a 
projectile. It consists of a 
tube of pure copper, three 
feet long. It shoots one 
arrow at a time, requires a 
charge of 0.3 ounce of fa 
powder, and throws the 
arrow for a distance of 200 
or 300 paces. A drawing, 
Figure 32, in a European 
manuscript of about 1430- 
40 shows one soldier carry- 
ing a tubular gun loaded to 
shoot an incendiary arrow 


in company with another 
‘ 





Gun Shooting an Arrow as a Projectile. 
‘“‘Wu Pei Chih’’ 126.15b. 


re Figure 31. 








Figure 32. Early European Hand Guns, from a Manuscript of about 
1430-1440. Note That Both an Arbalest and a Gun Are Ready to Shoot 
Incendiary Arrows. ° 


soldier who is carrying an arbalest loaded with a missile 
which is similar.” 
The peerless bamboo General, Figure 33, is a gun or 
portable mortar. Mayers 
erroneously considered it to 
be an “approach to the 
modern form of rocket 
...in every essential par- 
ticular a weapon corre- 
sponding to that introduced 
into the British army by 
Sir William Congreve.... 
A stout section of bamboo 
was to be taken, and all the 
joints except the last one 
*were to be drilled through. 
A tube was thus prepared, 
within which gunpowder 
was to be closely rammed 
down, the base having first 
been strengthened with a 
wad of clay, surmounted 
by a round plate of metal, 
above which a perforation 
was to be made, to serve as 
a vent. Through this hole four or five inches of slow- 
match was to be introduced. The powder with which 
the tube was filled was to be protected by a wooden 
plug and an iron disk, the latter having circular holes 
drilled through it. At the base of the tube a handle was 
to be inserted, and the whole was to be tightly bound 
round with twine. The range. ..is stated to have been 
700 to 800 pu (or about 1500 yards); and its effects are 
alleged as most terrific and destructive.” 


Figure 33. ‘‘Peerless Bamboo 

General.’’ A Portable Bamboo 

Gun or Mortar. ‘‘Wu Pei Chih’* 
"  123.9a. 





17 EssENWEIN, A., ‘“Quellen zur Geschichte der Feuerwaffen,” 
Leipzig, 1877, Plate B. I. 

18 Mayers, loc. cit., pp. 101, 102. He also thought the arrow- 
shooting gun, Figure 31, to be a form of rocket “containing its 
own means of propulsion.” 
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Mayers understood how the powder charge is loaded, 
but failed to note that the gun discharges a collection 
of missiles, a lead bullet, fragments of cast iron, and a 
stone bullet or iron coin. The description, “Wu Pei 
Chih” 123.9a-b, which accompanies a sketch of the 
separate parts (not reproduced here) makes this last 
point clear. 





Siege Gun, Made of Copper, Weighs 500 
Pounds. ‘‘Wu Pei Chih”’ 122.4b. 


Figure 34. 


Pack powder and bullet sketch: wood cover, stone bullet, iron 
lotus seed-case coin, bamboo fire doorway, powder, smooth iron 
coin, yellow mud. 

Sketch of parts: iron lotus seed-case coin, 0.1 inch thick, placed 
over the powder to accompany the lead bullet and the [crushed] 
cast iron. When a stone bullet alone is used, it is no longer 
necessary to employ the coin. 

Smooth iron coin, size of hole, placed over mud. 

Two ordinary stakes [about 3 feet in length, tied to form a 
crotch on which on occasion the contrivance may lean. To 
attain longer flight for the bulletethe head of the contrivance is 
raised. A large stone is used to hold the handle in place and pre- 
vent it from moving back]. 

Wood cover is sealed with oiled paper or persimmon varnish. 

Bamboo body, wood handle, hemp plait or three-strand rope. 


Artillery and Field Pieces 

The siege gun, Figure 34, ‘‘Wu Pei Chih” 122.4b—5a, 
is made of copper, weighs 500 pounds, and discharges at 
a single shot 100 lead bullets each weighing 4 pounds. 


Useful against large concentrations of troops. Destroys every- 
thing it hits. Requires a screen to protect the operators from the 
flare-back. Requires also a strong protective force. Small-scale 
ones are usable at sea, but great precautions must be exercised 


Figure 35. Attack Gun. Three Sizes, 280, 200, and 150-160 
Pounds, Respectively. Grapnels to Anch the Gun 
Against Recoil. ‘‘Wu Pei Chih’’ 123.24b. 
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and the guns ought to be mounted on rafts of their own. Not 
to be used for defense from a wall. It is good for shooting up, 
not down. 

Tiger-crouching gun. ‘Wu Pei 
Chih” 122.14a-16a (Figure 36): 
Two feet long, weighs 36 pounds, 
holds 100 shot of 0.5 ounce each. 
Insert in front of the shot one large 
stone or one lead ball weighing 
about 30 ounces. But with the 
lead ball cut the number of shot 
by 50 per cent. 

Swab the barrel. Insert fuse. 
Add powder. Add_ covering 
paper. Lower ramrod lightly. 
Lower wooden piece. ' Lower ram- 
rod and ram forcefully until the 
powder reaches in front of the first 
hoop. Lower one layer of shot, 
earth, [then] ram. Repeat this 
operation four times. Lower the 
large [piece of] shot and ram. 
Force it in level with the muzzle. When the gun is filled, fire. 

Creation-revolve gun. ‘Wu Pei Chih” 123.2b-4a (Figure 37): 
Weighs 20 pounds, has barrel 2 feet 2 inches long and stock 2 feet 
9 inches long. Rear end of barrel has piece fitting into groove in 
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Figure 36. Tiger-Crouching 
Gun, Weighs 36 Pounds. “Wu 
Pei Chih"’ 122.14a. 


Figure 37. Creation-Revolve Gun, Weighs 20 Pounds, 
Employs a Gun Crew of Four Men. ‘‘Wu Pei Chih"’ 
123.2b. 


stock. Barrel is bound to stock, and there are 
upper and lower iron bands. There are front 
and rear sights. 

With 2 ounces of powder, one large bullet 
weighing 4 ounces goes 500 to 600 paces. Or 
30 small bullets each weighing 0.6 ounce go 300 
to 400 paces. Gun rest has iron point at end 
and wooden cross-piece at top. In middle there 
is an iron ring through which muzzle is inserted 
for firing. The shot will scatter over a target 
20 or 30 paces wide. The men fire in succession; 
four men to a gun, hence the term “revolving 
{like creation].” 

A hornets’ nest of lead shot. ‘Wu Pei Chih” 
123.21a-22a (Figure 38): Like the barrel of a 
cock-musket but shorter; muzzle is also larger. 
Holds 100 shot. On lighting the powder, the 
shot will travel 4 or 5 li. Its power may be 
compared to the fo-lang-chi, but the latter is 
heavy and hard to carry. It is lighter than 
the cock-musket, and the cock-musket shoots only 
one pellet. By means of a thong one man may carry it at his 
belt. In battle it is supported on the ground by an iron foot. 
Its muzzle is raised 3 or 4 inches. Its rear end is blocked by a 
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Figure 38. A 


Mobile Mor- 
tar Which a 
Soldier Can 
Carry at His 
Belt, A Hor- 
nets’ Nest of 
Lead Shot. 
“Wu Pei 
Chih” 123.2la. 
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Figure 39. Thunder Gun, Shoots 1000 Shot at 
Once, Made of Cast Copper, 20 Inches Long, 5 
Inches Bore. ‘‘Wu Pei Chih"’ 123.27a. 


wooden stake driven into the ground. It may also be mounted 
on a carriage for defense of camp gates. 


Repeating Guns with Several Barrels 


Cartwheel cannon. ‘Wu Pei Chih” 123.23b-24a (Figure 40): 
Each wheel has 18 spokes 1.4 feet long. To the left and right of 
each spoke there are placed two barrels. A barrel is forged 
circular of pure iron, weighs one and a half pounds, and is one foot 
long. Notches are made on the sides of the wheel, so that 36 
barrels are placed on each wheel and are fastened in front by an 
iron catch and in the rear are hooked to the hub. In the barrels 
one packs powder and shot. Each mule carries two wheels. 
In the stand [used to support the wheel for firing] there is in- 
serted an iron pivot. The mouths of the barrels are protected 
with leather to preserve the powder and shot. Along with the 
stand, the weight [of the load per mule] is something over 200 
pounds. 


Figure 40. Cartwheel Cannon, Fires 36 Shots in Rapid 
Succession. ‘‘Wu Pei Chih"’ 123.23b. 


Figure 41. Multiple-Shot Gun with One Large and 10 Small 
Barrels. ‘Wu Pei Chih” 124.13b. 


Multiple-shot gun with main and 
subsidiary barrels. ‘Wu Pei Chih” 
124.13b-14a (Figure 41): Make it 
of refined wrought iron, each barrel 
being 1.5 feet long. Belt to the 
exterior .10 small barrels, each 0.5 
foot long. At the bottom use a 
handle of Cudrania triloba wood. 
In each tube pack several tens 
of shot. Employ a man of great 
strength to carry it and to shoot it 
in the presence of the enemy. 
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Repeating Guns with a 
Single Barrel 


Twenty shots without reloading. 
“Wu Pei Chih” 125.18a-b (Figure 
43): Make it of wrought iron to 
weigh 15 pounds, 5 feet long. The 
middle portion is solid for one foot, 
the two ends consist of hollow bands. 
In each’ [hollow] four-inch section 
drill a hole. Each end will then 
have ten holes. Pack powder into one section, and tamp it 
lightly. Drop in one pellet weighing 0.15 ounce. Insert a paper 
partition. Again pack in powder, and again insert a paper 
protector. The rest [of the sections are prepared] on this 
model until the ten openings have been packed: Set them off in 
succession by way of the openings. 

Gun with a stock, three-shooter. ‘Wu Pei Chih” 124.14b-l5a 
(Figure 44): Make it circular of wrought iron so as to be 1.2 feet 
long and 0.22 foot in diameter. Three-tenths of a foot behind 
the barrel place a wooden staff-handle. Make a slot along the 
upper side of the barrel. Have ready three cartridges, each 0.3 
foot long and 0.17 foot in diameter. After attaching the stock, 
insert [the cartridges] in the slot without disturbing the fuses. 


Figure 42. Match-Lock for 
Multiple-Shot Gun, a De- 
vice for Applying the Tinder 
Rope to the Firing Holes One 
after Another. ‘“‘Wu Pei 
Chih”’ 125.14a. 








ang 


Figure 44. Three-Shot Match- 

Lock Shoulder-Gun, with Sepa- 

rate-Loading Ammunition. ‘‘Wu 
Pei Chih’’ 1241.4b. 


Figure 43. Twenty Shots With- 
out Reloading. ‘‘Wu Pei Chih”’ 
125.13a. 


The cartridges contain 0.8 ounce of powder and two 0.2 ounce 
pellets each. On meeting the enemy, put it to the shoulder and 
fire. 


Guns of Foreign Origin 


Portuguese calivers (Figure 45). When the Portuguese 
mariners visited Canton in 1517, the cannon which they 
had on board their ships attracted the interest of more 
than one contemporary writer whose comments upon 
them have been bequeathed to us. Through some con- 
fusion of terms, the guns received the name of fo-lang- 
chi, meaning Franks or Frankish, which was probably 
the name given to the Portuguese themselves by their 
Arab or Malay interpreters. Ku Ying-hsiang, whose 
report upon the guns is abstracted in the ‘Wu Pei 
Chih,” observes’ that 





19 Mayers, loc. cit., p. 96. 
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Figure 45. ‘'Fo-lang-chi,"* Portuguese Calivers as Seen 

om Board the Foreign Ships Which Visited Canton in 

1817. ‘*Teng T’an Pi Chiu” 29.53b. The Same Pictures 
are Printed in ‘‘Wu Pei Chih’”’ 122.6a, 7a. 
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“Fo-lang-chi is [in reality] the name of a. country, and 
not of cannon.... The guns (ch’ung) of the Portuguese 
were of iron, five of six chih (six or seven feet) in length, 
broad in the girth and with elongated necks. They 
were perforated longitudinally, and five small barrels 
were used, which were loaded with powder in succession 
and placed inside the body of the piece, from which 
they were shot off. They (the guns) were hooped in 
addition with timber in order to guard against bursting. 
The foreigners’ vessels had four or five of these guns 
on either side of their lower decks.” 

Ch’i Chi-kuang, who is said to have died in 1585, 
pictures and describes the guns in his “Chi Hsiao 
Hsin Shu” (Hsieh ching tao yuan edition) 15.18a—19b, 
and states that the bullets are slightly larger than the 
chamber opening and are rammed in for one inch. The 
same author’s “Lien Ping Shih Chi Tsa Chi” (P’ing- 
hua-shu-wuts’ung-shu edition) 5.18b—20a describes and 
illustrates the fo-lang-chi and its nine chambers or 
separate-loading complete rounds of ammunition.” 

The latter have handles, and are inserted one at a time into the 
breech of the gun. This eliminates tamping of the shot and 
powder [into the barrel, since they are already assembled in the 
complete round]. The rear of the chamber is bolted [to the gun] 
so that there is no crack at its front or rear. In loading the 
chamber, the amount of powder is proportionate to the size of 
the chamber. Of old we used a wooden piece (literally, wooden 
horse) and also used lead shot; and whenever a heavy shot was 
confined by a light [wooden] piece, the gun was damaged and 
frequently [the shot] was of low velocity. Today we insert the 
powder without the need of tamping, and we do not use a wooden 
piece. It is only necessary that the lead bullet equal the size of 
the opening. Of old the lead bullet was rammed in and flattened 
with a flat-ended ram, so that it was not sharp when it emerged. 
Today we make a concave-ended ram of iron, and ram the bullet 
into the barrel to a depth of 0.8 in. Thus the bullet remains 
round and is sure to be sharp on emerging and will travel more 
than one li and will pierce men and horses. 


Bird beak guns. For improved small firearms, the 
Chinese appear to have been indebted to the Japanese 
who perhaps derived their knowledge of them from the 
Portuguese seafarers. Lang Ying, a writer of the latter 
part of the 16th century, who is cited by Mayers,”! 
in his valuable Miscellanies entitled ‘Ch’i-hsiu-lei- 
kao,” says: “As regards the bird-mouth (bird-beak) 
wood guns, the Japanese invaded Chekiang (in 1522) 
during the reign of Kia Tsing, and on some of their 
number being taken prisoner, possession was obtained 
of their weapons, and they were made to give instruction 
in the method of manufacturing them.” Mayers sug- 
gests that the term bird-mouth, niao tsuz, probably 
refers to the bell-shaped muzzles of the early blunder- 
busses, but may perhaps be the origin of the term, 
niao ch’iang or bird gun which now applies to muskets 
of all sorts. It seems more likely to us that the term, 
bird-beak, refers to thé shape of the lock, possibly a 
flint-lock. 

20 Ft is interesting to find among the illustrations of the recent 
article by Robert Cardwell on ‘‘Pirate-Fighters of the South 
China Sea,” National Geographic Magazine, 89, 787-96, June, 
1946, two which show fo-lang-chi (with percussion primers) and 
one which shows giant Roman candles for use against present-day 


pirates. 
21 Mayers, loc. cit., pp. 97-8. 
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disassembled but has not understood. 
| 124.2b, says merely: “Sketch of the parts of the bird-- 
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The “Wu Pei Chih” contains a number of pictures of 
small guns and of their parts, which pictures are obvi- 
ously of more interest for the history of firearms than 
they are for the history of fireworks. We reproduce 
only two of them, Figures 46 and 47. The text which 
accompanies these pictures is not particularly enlighten- 
ing or clear, and leaves the impression that the author, 
or his original, is describing a contrivance which he has 
The text, 
This is the fire door cover. 


beak gun. The fire door. 
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Figure 47. Parts of a Bird-Beak 

Gun. Possibly the Saw-Toothed 

Piece Is Part of a Flint-Lock for 

Producing Sparks. “Wu Pei 
Chih”’ 124.4a. 
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Figure 46: ‘Sketch of the 
Parts of the Bird-Beak Gun.”’ 
‘‘Wu Pei Chih”’ 124.2b. 


This is the fire door. The muzzle.” In 124.4a, the 
lower left corner seems to be a sketch of the complete 
assembly of a self opening fire door. The other sketches 
seem to be of its parts, a copper fishtail, a dragon’s 
head, but no information is given and one can only guess 
at the purpose of the various parts. 


POSTSCRIPT 


Although the ‘““‘Wu Pei Chih” contains much material 
which we have not discussed, we have attempted in the 
foregoing to report upon that portion of its contents, 
pictures and text, which has the greatest interest for the 
history of fireworks. 

Excepting certain remarks about incendiary arrows, 
fire balls, fountain fire, and rockets, we have not at- 
tempted to integrate the new material with the general 
history of fireworks, partly because of lack of space and 
partly because the general history of European fire- 
works is not yet clearly established. 

The pictures and text of the ‘“‘Wu Pei Chih” supply a 
seemingly complete picture of the various steps in the 
evolution of guns from spouting fire weapons. Particu- 
larly interesting are the ‘missing links,” the repeating 
guns which have several complete rounds loaded in the 
same barrel from which they are fired by lighting in suc- 
cession. In one sense these are degenerate forms of the 
Roman candle. Roman candles are automatic repeat- 
ing guns which throw incendiary projectiles. The 
fire weapons in question are not automatically repeat- 
ing, and they threw, not incendiary, but merely inert 
projectiles—and the later cannons were more degenerate 
still, not repeating, not automatic, and not incendiary 
throwers. In the history of firearms, as in the history 
of living organisms, the evolutionary process appears to 
tend toward complication of form in the whole and sim- 
plification of function in the part. 

The string-of-100-bullets cannon operates on a prin- 
ciple not greatly unlike, or at least suggestive of, that 
of the fire-throwing guns which were carried by tanks 
in World War II. Toxic incendiaries, poison smokes, 
colored smokes, and clouds of rockets are all ancient 
Chinese tactical devices which have been called into 
play again in recent times. 


GLASS CLEANING SOLVENTS 


Onreanic cuemists habitually use acid cleaning solu- 
tion whenever an obstinate deposit of tar or oil is en- 
countered in their glassware. A little consideration as 
to the nature of the adhering material will often suggest 
a more effective and convenient solvent; e. g. basic tars 
would suggest the use of hydrochloric acid and, con- 
versely, acidic tars would suggest using sodium hydroxide 
solution. The old rule “like dissolves like’ also has its 
applications in this instance; for example, hydrocarbon 
residues are often removed by benzene, whereas par- 
tially oxidized tars are often loosened by acetone. 


E. MAXWELL DOSS 
Stanford University, California 


A particularly useful solvent for removing greasy 
films from glassware is made with one volume of pro- 
pylene glycol, one volume of chloroform, and powdered 
castile soap dissolved in the mixture.! This cleaning 
mixture functions better if slightly warm. 

Other halogenated solvents can be substituted for the 
chloroform but will not be as effective. 

Glassware washed in the above cleaning mixture 
should be rinsed with distilled water. 





1 Palit, S., Ta1s JouRNAL 23, 182 (1946), 





THE FUNDAMENTALS OF NUCLEAR ENERGY’ 


Ir 1s often stated, and quite correctly, that’ the differ- 
ence between the liberation of energy by chemical reac- 
tions, such as the combustion of coal or the recent dis- 
astrous explosion of ammonium nitrate, and by nuclear 
reactions, such as take place in the sun or in the atomic 
bomb, is that in the former case we deal merely with an 
intramolecular rearrangement of atoms, ‘‘the smallest 
building blocks of matter,’’ without changing their 
identity, while in the latter case the zdentity of the atoms 
themselves is profoundly affected, this change of one 
atomic species into another, e. g., hydrogen into helium, 
or uranium into krypton and barium, being contrary to 
the principles of conventional chemistry. This point of 
view, based on the traditional chemical concept of 
atoms as the “smallest indivisible building blocks of 
matter,’”’ tends to emphasize the difference between 
chemical and nuclear reactions. However, an alterna- 
tive point of view, based on our present knowledge of the 
internal structure of the no longer “indivisible” atom, 
is possible, which tends to emphasize the similarity 
rather than the difference between chemical and nu- 
clear reactions. This will be the point of view adopted 
and elaborated in the present discussion of the funda- 
mentals of nuclear energy. 

The Nuclear Model of the Atom. As chemists you are 
familiar with the Bohr-Rutherford nuclear model of the 
atom. You will recall that atoms have diameters of 
about 10-8 cm., and are composed of one or more elec- 
trons surounding a central, small (about 10-!? cm. in 
diameter), positively charged nucleus. The number 
and arrangement of the electrons in the atom of a given 
chemical element, and consequently the chemical prop- 
erties of that element, are uniquely determined by the 
amount Ze of positive charge carried by the nucleus, 
where the integer Z is the atomic number of the element 
in question and e is the magnitude of the electronic 
charge. 

The nucleus carries practically all the mass associated 
withanatom. The existence in nature of several stable 
isotopes of many of the elements (7. e., atoms with the 
same value of Z, and therefore identical chemical prop- 
erties but of different mass), and the possibility of arti- 
ficial production of additional unstable radioactive iso- 
topes, indicates that the mass which a nucleus of atomic 
number Z may have is not unique. Altogether over 
750 stable and radioactive isotopes of 96 different chemi- 





1 Presented before the Conference on Nuclear Chemistry spon- 


sored by the Chemical Institute of Canada and the National ° 


Research Council of Canada at McMaster University, Hamilton, 
Ontario, May 15-17, 1947. 


G. VOLKOFF 
The University of British Columbia, Vancouver, 
British Columbia 


cal elements are now known,? an average of about 8 
isotopes per element. The isotopic mass M is defined 
as the ratio of the exact mass of the neutral atom (in- 
cluding the extra-nuclear electrons as well as the 
nucleus) of any isotope to one-sixteenth of the mass of 
the abundant stable isotope of oxygen (O"*), whose 
isotopic mass is taken to be exactly 16.0000 by defini- 
tion. In all cases where it has been accurately meas- 
ured (usually with a mass-spectrograph) the isotopic 
mass M of both stable and radioactive isotopes is very 
nearly an integer (cf. examplesin Table 1). The integer 
closest to M is usually denoted by A and is called the 
isotopic mass number. Thus for our purposes any 
nucleus may be characterized by the three numbers Z, 
A, and M. 

The Proton-Neutron Structure of the Nucleus. As 
long as experimental techniques for probing the internal 
structure of nuclei and causing nuclear transmutations 
were not available, the point of view that atoms repre- 
sent the immutable fundamental building blocks of 
matter was justified. However, experimental evidence 
accumulated during the last thirty years indicates that 
more than 750 different stable and radioactive nuclei 
now known are themselves complex structures consist- 
ing of various combinations of only two fundamental 
particles—the proton and the neutron, collectively 
known as nucleons. The proton is the nucleus of the 
ordinary H atom and is characterized by A=1, Z=1, 
M,,=1.00812. The neutron does not normally exist 
in nature in large numbers in the free state, but is found 
in combination with other nucleons in all nuclei now 
known except that of ordinary hydrogen. It is the 
uncharged counterpart of the proton, having the same 
small dimensions and a slightly larger mass than the 
proton. It is characterized by A = 1, Z = 0, M, = 
1.00893. According to present views on nuclear struc- 
ture there are no electrons inside the nucleus. The 
atomic mass number A of the nucleus simply represents 
the total number of nucleons in it, of which Z are pro- 
tons to give the correct charge, and the balance N = 
A-—Z are neutrons. These A nucleons are densely 
packed together and the volume of a nucleus is experi- 
matey found to be proportional to A, or its radius to 
A”, 

Analogy Between Molecular and Nuclear Reactions. 





2 Cork, J. M., “Radioactivity and Nuclear Physics,” Van 
Nostrand, New York, 1947, pp. 273-294. 

Plutonium Project Report, J. Am. Chem. Soc., 68, 2411-2442 
(1946). 

Seasore, G. T., Rev. Modern Phys., 16, 1-32 (1944). 
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TABLE 1 
Sample Data on Isotopes 





N=A-Z 
Number of 
neutrons 


Z 
Number of 


A 
Number of 
protons 

0 


Isotope 
nucleons 
1 


Designation 
n 


mass 
(where known) 
1.00893 


E E/A 
Binding __ Binding energy % Abundance of 
e le stable and activity 
“ ev) ) of unstable isotopes 


M 
Isotopic 





1.008123 0 99.98 
2.014708 2.18 - 0.02 
3.01700 8.33 . | 





15.0078 111.39 : pt 
16 .000000 126.96 : 99.76 
17 .00450 131.08 0.041 
18.0049 139.02 0.20 
eae et B~ 





340.40 
360.93 
368.12 
388.74 


39.9753 
41.9753 
42.9723 
44.968 


96.96 
K 


0,64 
0.15 
2.06 


B- 

0.0033 

0.19 
B~ 





235.12 
238.14 


92U 239 


0.006, a 
0.71, a 


B 
99.28, a 
a- 


1780 
1780 





The relation of nuclei to nucleons is similar to the rela- 
tion of molecules to atoms in a rather simple kind of 
“molecular chemistry” which deals with only two 
“atomic species”—protons and neutrons which we shall 
denote by p and n, respectively. 

Just as not all possible combinations of H and C atoms 
lead to actually observed molecules, so not all possible 
combinations of nucleons lead to actually observed 
nuclei. Hes, C2, CH, C2H2, CH4, C2H., C2He are com- 
binations of H and C actually observed in the chemical 
or spectroscopic laboratory, while other arbitrary com- 
binations of C and H, such as C;:H, CHe, C3H, do not 
occur. In our new “chemistry” ,H?, ,H*, »He*, He‘, 
3Li®, ¢C!2, etc. (whose nuclei in the notation of ‘molecular 
chemistry” might be respectively represented by pn, 
DN2, PN, Pee, P3Ns, Pos, etc.), are experimentally ob- 
served, while the di-neutron, 2He?, »He', sLi® (7. ¢.) me, pa, 
Pz, P3N2, have not been observed. 

Just as in ordinary molecular reactions heat may be 
evolved either by the combination of atoms or simple 
molecules to form more complex ones, or alternatively 
by the breakdown of complex molecules into a number 
of simpler components, so in nuclear reactions both 
alternatives are also possible. Energy may be liberated 
by the union of simple components into complex ones, or 
by the breakdown of complex structures. Neutron 
capture is an example of the former type of reaction and 
is analogous to ordinary oxidation. Uranium fission is 
an example of the latter type and is analogous to the 
breakdown of ammonium nitrate. We write below the 
formulas for neutron capture by a proton and by a 
deuteron, and for one of the many possible miodes of 
uranium fission in the standard notation used in nuclear 
physics. We then rewrite (in brackets) the same reac- 


tions in the form which, although never used in practice, 
is nevertheless useful for our present purpose of bringing 
out the analogy with ordinary molecular reactions. We 
also write down the analogs of these reactions in ordi- 
nary chemistry for purposes of comparison. 
H'+n—>H? H?+n—H? U2 Bal + Kr* + Qn 
[p+ n—> pn] [pn + n— pr] [portiss— psorss + Press + 2n] 
C + 1/202» CO CO + 1/02 —> COz NH,.NO;— 2H.0 + NO 


We thus see that if we regard protons and neutrons 
rather than atoms, as the fundamental entities in nu- 
clear reactions, then the three nuclear reactions used as 
illustrations above represent intra-nuclear rearrange- 
ments of nucleons strongly reminiscent of the intra- 
molecular rearrangement of atoms in ordinary chemical 
reactions. In both cases the number and nature of the 
fundamental building blocks remain unchanged, for 
they are merely regrouped. * ; 

Heat of Reaction. The above equations do not ye 
tell the full story about the reactions, for no mention has 
been made of the amount of energy liberated. 

In ordinary chemistry the energy released in the com- 
plete oxidation of a single carbon atom is very small. 
The reaction as observed in the laboratory involves, 
even in microanalytic techniques, billions of billions of 
individual processes symbolized by C + O2—COs:. 
The heat of reaction is consequently customarily ex- 
pressed in kilo-calories per mol (1 mol = 6.02 x 1078 
molecules). Thus the thermo-chemist gives the heat 
of the above reaction (heat of combustion of charcoal) 
as 96.5 kilo-calories per mol of CO, formed. If we, 
nevertheless, want to obtain an expression for the heat 
of this reaction per individual molecule of CO, formed, 
we introduce a suitable small unit of energy, the electron 
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volt (1 ev. = 1.60 X 10-!% ergs = 3.82 X 10-78 
kilo-calories), and obtain 4.2 electron-volts per molecule 
of CO.. The conversion factor is: 


1 e.v./molecule = 23.0 kilo-calories/mol. 


In nuclear reactions the energy released in an individ- 
ual process, although still very small, is nevertheless 
usually about a million times larger than the energy 
released in an individual chemical process, so that it 
becomes possible to observe an individual nuclear reac- 
tion in a cloud chamber or with the aid of a Geiger 
counter. In fact, until December 2, 1942, the date of 
the first self-sustaining chain reaction at Chicago, as a 
rule only individual nuclear: processes could be readily 
observed, and their energy evolution measured. The 
most intense sources of both natural and artificial 
radioactive substances available to us before this dawn 
of the ‘Atomic Age” gave rise to nuclear reactions oc- 
curring at rates which, in the most favorable cases, were 
not much in excess of some billions of individual proc- 
esses per second. This corresponds to the formation of 
the end products of the nuclear reaction at the rate of 
some micrograms per year, and to the nuclear energy 
liberation at the rate of a fraction of a watt. Large 


amounts of the stable isotopes of lead which are the end 
products of the natural radioactive series have been 
accumulated during the life history of the earth. Mi- 
nute, yet visible and weighable, microgram amounts of 
plutonium had been produced by cyclotron bombard- 


ment in the short space of a few years immediately pre- 
ceding the operation of the first chain-reactors, in time 
to play a vital part-in the development of plutonium 
extraction processes. Nevertheless the liberation of 
nuclear energy at the rate of a fraction of a watt by the 
above sources was of no interest from the point of view 
of generation of power. The participation of gram or 
mole amounts of the reactants in a nuclear reaction 
within a time interval brief enough to lead to the evolu- 
tion of macroscopic amounts of power takes place on 
earth only in a pile or an atomic bomb. 
sponsible for the energy evolution in the sun and the 
stars. 

Because of the early experimental emphasis on indi- 
vidual processes it has become customary to give the 
nuclear “heat of reaction” (which is usually referred to 
as the Q of the reaction) per individual disintegration 
or transmutation. Thus the “heat of reaction” of 
uranium fission is roughly 200 Mev/atom (Mev is the 
usual abbreviation for million electron volts). Using 
the conversion factor quoted above this becomes 4.6 
billion kilo-calories/mol, or, expressing this in more 
convenient large scale units, 220,000 kilowatt-days/- 
mol. 

Why are the heats of nuclear reactions millions of 
times larger than those of ordinary chemical reactions? 
This is presumably because of the forces holding the 
nucleons together are entirely different in nature and 
magnitude from the Coulomb forces which, subject to 
certain quantum mechanical restrictions, determine 
molecular structure and the energy released in intra- 


It is also re-. 
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molecular rearrangement of atoms. We still have 
only a very incomplete phenomenological knowledge 
of these so-called “specifically nuclear” forces between 
nucleons. Their most striking characteristics are their 
short range and their large magnitude. 

Thus, although the picture of nucleons rearranging 
themselves in nuclear reactions with the evolution of 
energy is qualitatively very similar to that of atoms re- 
grouping themselves in molecular reactions with the 
evolution of heat, nevertheless, the quantitative results 
in the two cases with respect to the amount of energy 
liberated differ by many orders of magnitude. 

Heat of Formation and Binding Energy. The heat of 
a chemical reaction may either be measured by a direct 
experiment, or it may be calculated from the extensively 
tabulated? values of heats of formation of the individual 
reactants. The heat of formation is defined as the en- 
ergy released when the given compound is formed from 
the individual elements in some specified standard 
state. The standard states in thermo-chemistry are 
usually selected with the elements not in their atomic 
form, but in some normally occurring and easily repro- 
ducible form, e. g., Hz, Ne, Oo, diamond crystal, etc. 
However, it is easy to recalculate the heats of formation 
with respect to the individual atoms considered as the 
standard state, and this is done in the examples of Table 
2 to facilitate comparison with the corresponding nu- 
clear quantity—the nuclear binding energy—listed in 
the examples of Table 1. 

The nuclear binding energy E is completely analogous 
to the chemical heat of formation as redefined above. 
It is defined as the energy that would be required to 
pull the nucleus apart into A individual nucleons (it has 
been suggested that ‘“‘unbinding” energy is a more 
descriptive term) or, conversely, that would be liberated 
if a nucleus were formed from the individual nucleons. 
The nuclear binding energies listed in Table 1 are seen 
to be approximately a million times larger than the 
chemical heats of formation listed in Table 2. 

As in chemical reactions, the energy liberated in a 
nuclear reaction may be calculated if the binding ener- 
gies (7. e., the heats of formation) of the reactants and 
the end products are known. 

Binding Energy and Mass-Energy Equivalence. The 
binding energy of a nucleus is so much greater than the 
heat of formation of a chemical molecule that an effect 
which passes completely unnoticed in chemistry shows 
up very prominently in nuclear reactions. Is the 
weight of CO. formed in the reaction C + O2—CO, 
equal to the sum of the weights of the C and the O, 
that went into it? The usual answer is “yes.” The 
correct answer is “within experimental error, yes, but 
theoretically, no.’ For, according to Einstein, energy 
has mass, and if a certain amount of energy is given off 
when CO, is formed then a certain small amount of 
mass will be missing also. The familiar EH = me? 





’ Bicgowsky, F. R., anp F. D. Rossint, “The Thermo- 
chemistry of the Chemical Substances,” Reinhold Publishing 
Corporation, New York, 1936. 
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TABLE 2 
Sample Data on Chemical Compounds 





Heat of formation 
as usually defined 
in thermo-chemistry 
(kilo-calories/mol) 


Substance 


and state (kilo-calories /mol) 


Heat of formation redefined with respect 
to free atoms 


(e.v./molecule) Sample heats of reaction 





0.000 
0.000 
0.000 
0.000 


118.2 
R 170.2 

a A y 103.8 
C (diamond) 170.0 
168.0 


255.9 
382.6 


0 (gaseous) 
N “a 


. 2 
C “cc 


O» (gaseous) 
“ee 


C (charcoal) 
CO (gaseous) 
CO. “ 


NH4NO; (solid) 642.23 
N:O (gaseous) 209 .65 
HO “ 220.70 


0 
0 


C + O. — CO, (combustion of charcoal) 


382.6 — (168.0 + 118.2) = 96.4 kg.-cal. / 
mol = 4.2 e.v./molecule 


NH,NO; — 2H20 + N.O (2 X 220.70 + 
209.65) — 642.23 = 8.82 kg.-cal./mol= 
0.38 e.v./molecule. 





equation of Einstein stated numerically says that the 
quantity of energy whose mass is one gram is 9 X 10” 
ergs = 2.15 X 10” kilo-calories = 10° kilowatt-days, 
or that 1 atomic mass unit = 931 Mev of energy. Thus 
the total rest-mass of a CO, molecule is equivalent to 
44 X 931 Mev = 4.1 X 10” e.v. so that a loss of mass 
corresponding to the heat of formation of only 4.2 e.v. 
passes by completely unnoticed in ordinary chemistry. 
This loss of rest-mass amounts to only one part in 10”, 
i. e., 0.0001 microgram per gram of CO, as compared 
with the original C and Os. 

However, in nuclear reactions the usual binding 
energy of several million electron volts per nucleus 
forms an appreciable fraction (of the order of several 
parts in a thousand) of the total rest-mass of a nucleus, 
and the amount of energy theoretically available for 
any particular nuclear reaction may be calculated with 
the aid of Einstein’s equation from the difference be- 
tween the accurately known isotopic masses (e. g., as 
determined by a mass-spectrograph) of the reactants 
and the end products. In many cases the “‘heat of 
reaction” energy Q released in a nuclear reaction may 
itself be directly measured, and thus a direct experi- 
mental verification of Einstein’s equation in the form 
Q = (Am)c? may be obtained, where Am is the net loss 
in rest-mass in the reaction. 

The fission of 1 gram of uranium results in approxi- 
mately 989 mg. of fission products and 10 mg. of neu- 
trons. About one milligram of mass disappears and is 
transformed into about 1000 kilowatt-days of kinetic 
energy of fission products, which is immediately con- 
verted into heat. There is a subsequent further small 
loss of mass (about an eighth of a milligram) corre- 
sponding to the gradual liberation of over a hundred 
kilowatt-days of energy in the form of 8 and ¥ radiation 
of the decaying fission products and of the radioactive 
isotopes formed by neutron capture. 

We note that although the equation EH = mc? tells us 
how much energy will be released in any particular 


nuclear reaction for which the loss of mass is known, it 
tells us nothing at all about how this energy was stored 
in the nucleus, nor about the mechanism of its release. 
This equation offers no explanation as to why the mass 
of a uranium atom should be bigger than the mass of the 
fission .products and neutrons produced in fission by 
about one part in a thousand rather than by some other 
fraction. However, once the loss of mass has been de- 
termined experimentally this equation enables us to 
calculate the amount of energy released without know- 
ing any details of the mechanism of release. The equa- 
tion is simply a bookkeeper’s statement of the fact that 
energy, whatever its form, has a definite amount of mass 
associated with it, and the loss of energy can be de- 
tected by a loss of mass and vice versa. 

Beta and Gamma Activity. The decay of radioactive 
isotopes with the emission of 6 particles (fast moving 
negative or positive electrons) referred to above is a 
form of nuclear reaction that does not have an analog 
in molecular chemistry. Here, even when we consider 
protons and neutrons as the fundamental entities, we 
are concerned not merely with a regrouping of these 
elementary building blocks but with‘a transmutation of 
one of the fundamental entities into the other. Thus 
the spontaneous radioactive disintegration of the Al* 
nucleus: 

sAl?® ——> ,,Si?® + e- 
which may also be written as: 

Pistis ———> Puna + e~ 
consists of one of the neutrons in the Al® nucleus spon- 
taneously transforming itself into a proton by creating 
and ejecting from the nucleus a negative electron. The 
experimentally observed liberation of energy in this 
process is an indication that the “specifically nuclear’ 
forces between nucleons must be such that a fourteenth 
proton is capable of entering into a more intimate union 
with thirteen protons and fourteen neutrons than a 
fifteenth neutron. 
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The emission of y-rays by a nucleus is analogous to 
the familiar emission of quanta of electromagnetic 
radiation in the visible or infrared frequency range by 
molecules going from an excited to the ground state. 
Both cases are concerned with a rearrangement of the 
elementary constituents from a less stable to a more 
stable configuration without a change in the number or 
in the nature of the constituents. i 

The energy released in such 8 and 7 transformations 
may be directly measured and also may be calculated 
from the net change in mass if the isotopic masses are 
known. Usually this energy amounts to a few Mev or 
less per nucleus, or to some hundred kilowatt-days per 
gram of fission products. 

The Stable Isotopes and Deviations from Stability. _ If 
the approximately 270 stable isotopes existing in nature 
are plotted (cf. Figure 1) as points on a plane on which 
the number of protons Z and the number of neutrons 
N =A — Z (or, alternatively, the total number of 
nucleons A = N + Z and the number of “excess” neu- 
trons] = N — Z = A — 2Z) are chosen as rectangular 
coordinates, they are found to lie in a narrow band 


which starts out along the line N = Z (7. e., J = 0) near. 


the origin, and curves away from this line in the direc- 
tion of an excess number of neutrons for heavier nuclei. 
It is believed that if only the “purely nuclear” short 
range forces acted between nucleons their effect would 
be to make N = Z hold for stable nuclei of all values of 
A. The progressive deviation from this condition for 


increasing A is due to the progressively increasing effect 
of the long range Coulomb electrostatic mutual repul- 


sion of the protons in the nucleus. Compared to the 
effect of the “purely nuclear’ forces this repulsion is 
small for small Z but increases with Z? and eventually 
plays an important role in determining the stability of 
nuclei. 

Some four hundred and fifty additional radioactive 
isotopes with values of N and Z lying on either side of 
this narrow band have been produced either by bom- 
bardment of stable isotopes with various nuclear projec- 
tiles or by fission of uranium. Any nucleus which lies 
outside the band of stability is found to undergo a series 
of 8 transformations during which A = N + Z remains 
constant, while both N and Z change, until the nucleus 
reaches the region of stability. For a nucleus with odd 
A this stable combination of protons and neutrons is 
almost always unique (with only three exceptions). 
For a nucleus with even A there are frequently two, and 
occasionally three, consecutive stable isobars of even Z 
and even N (i. e., nuclei with the same A, but different 
Z) separated by unstable isobars of odd Z and odd N 
with higher energy than either of their two even-even 
neighbors. Only four stable nuclei of odd Z-odd N are 
known. 

Since in the naturally occurring isotopes of heavy ele- 
ments, such as uranium, the neutron-proton ratio is 
higher than in the stable isotopes of elements of medium 
atomic weight, the fragments of the uranium nucleus 
formed in fission will usually have too many neutrons 
compared with the stable isobars of the same A, and 
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will consequently undergo a series of 6 disintegrations 
by emitting negative electrons, thus giving rise to a 
chain of radioactive fission products. 

Dependence of Binding Energy on A. The binding 
energy £ of stable nuclei lying in the narrow region of 
stability along the curve of Figure 1 may be calculated 





NUMBER OF NEUTRONS N——+ 


SOLID DOTS— STABLE NUCLE! 
OPEN CIRCLES — G-ACTIVE NUCLEI 








NUMBER OF PROTONS Z——~> 
40 60 80 





The Neutron-Proton Distribution in Stable and 
a-Active Nuclei 


Figure 1. 


with the aid of Einstein’s equation from their measured 
isotopic masses. If H is divided by A and the resultant 
values, E/A, of the average binding energy per nucleon 
are plotted for stable nuclei as a function of A, a curve 
represented schematically in Figure 2 is obtained. The 
radioactive nuclei lying on either side of the band of 
stability of Figure 1 have less binding energy per 
nucleon than a stable nucleus of the same value of A, 
and by undergoing @ transformations they tend to 
achieve that particular combination of protons and 
neutrons in which the value of H/A is a maximum. 
The curve in Figure 2 represents these maximum values 
of E/A plotted as a function of A. The phenomena 
responsible for the more prominent features of this 
curve are now understood at least qualitatively, but for 
the sake of brevity we shall treat this curve merely as 
an experimental result and shall not attempt to give 
any theoretical interpretation of its various features be- 
yond saying that the drop from 8.6 to 7.5 Mev per 
nucleon in the case of heavy nuclei is due to the mutual 
Coulomb repulsion of the protons in the nucleus. 
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Possibilities for Energy Release by Regrouping the 
Nucleons in a Nucleus. Examination of the curve in 
Figure 2 shows that the binding energy per nucleon will 
increase and energy will be released, 7. e., the reaction 
will be exoergic, either if lightest nuclei combine into 
heavier ones (e. g., four protons into an a-particle, or a 
neutron or a proton with most light or medium nuclei) 
or if the heaviest ones (e. g., U, Bi, Pb) break down into 
nuclei of medium weight. 

Why then do we not see such strongly exoergic reac- 
tions taking place in nature spontaneously? For one 
of the same two reasons that many exothermic chemical 
reactions are not observed in nature: either because 
they can take place so readily that there are no reactants 
existing in nature in the free state, or else because a 
fairly high energy of activation is required to take the 
system over a potential barrier separating the initial 
from the final state. 

As an example of the former, pure phosphorus oxi- 
dizes very readily and catches on fire very easily. Yet 
the discovery of fire by man was not an easy matter, for 
because of its great chemical activity phosphorus does 
not exist in nature in the free state. Likewise neutrons 
combine with most nuclei very readily, and just for that 
reason do not exist in nature in the free state. 

On the other hand, before a proton will get close 
enough to a nucleus to feel the attractive effect of the 
short range “purely nuclear” forces it has to overcome 
quite a high potential barrier due to the Coulomb repul- 
sion of the positive charge on the nucleus. This energy 
may be supplied to a proton either by accelerating it in 
the laboratory with a high voltage device such as a Van 
de Graaff generator or a cyclotron, or by subjecting 
hydrogen to a temperature of several million degrees, as 
happens in the interior of the sun. 

Similarly, a heavy nucleus, assumed to be of spherical 
shape, has to pass through a series of ellipsoidal and 
dumbell-like shapes before breaking up into two smaller 
spheres, in analogy with the splitting of a small liquid 
drop. For small deformations from the spherical shape 
the increase in the “surface tension’”’ energy of such a 
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“drop” is greater than the decrease in the Coulomb re- 
pulsion energy due to the increase in the average dis- 
tance between the protons, with the result that a poten- 
tial barrier has to be overcome before the nucleus will 
undergo fission. A measure of the height of this fission 
barrier, and therefore of the “activation energy” re- 
quired to overcome it, may be obtained by comparing 
the decrease in the Coulomb energy which is propor- 
tional to Z%e?/R, 7. e., to Z?/A”%, where the nuclear 
radius R is assumed proportional to A”?, with the in- 
crement in the “surface tension” energy which is pro- 
portional to R?, 7. e., to A”*, as the nucleus is slightly de- 
formed from the spherical state. The ratio of these two 
energies, and therefore the parameter Z*/A, may be 
taken as the measure of the ease with which a nucleus 
may be made to undergo fission. The activation energy 
needed to cause the fission of a uranium nucleus turns 
out to be only a few Mev, and may be communicated to 
the uranium nucleus either in the form of a y-ray quan- 
tum (photo-fission), or in the form of the kinetic and 
binding energy supplied by a neutron captured by the 
uranium nucleus. ~ 

Fission by charged particles has also been observed, 
but of course in this case there is the additional Coulomb 
barrier to be overcome. The height of the fission bar- 
rier, and therefore the value of the activation energy re- 
quired for fission, is a rapidly varying function of Z?/A, 
so that although from the binding energy of a lead or 
even a still lighter nucleus, we can definitely calculate 
that fission is energetically possible, nevertheless no 
fission of lead has been observed‘ even when bombarded 
with 100 Mev y-ray quanta from the General Electric 
betatron. The characteristic difference of the U* and 
U*® isotopes with respect to fission by thermal neu- 
trons is associated not with a difference in the height of 
the fission barrier but with a characteristic difference in 
the binding energy of the incoming neutron in an even 
Z-even N, as compared with an even Z-odd N type of 
nucleus. 

Thus, in order to observe any of the theoretically 
possible exoergic nuclear reactions we must have on 
hand one of three conditions: 

(a) free neutrons with which to irradiate nuclei. 

(b) high voltage devices, stellar temperatures, or 
natural radioactive sources to provide protons, deu- 
terons, or a particles of energy sufficient to overcome 
the Coulomb barrier of the lighter nuclei. 

(c) a supply of free neutrons, energetic y-rays or 
charged particles to provide the necessary activation 
energy for the fission of heavy nuclei. 

Before the discovery of fission the only way in which 
we could obtain free neutrons was to knock them out of 
stable nuclei by energetic charged particles, so that a 
supply of free neutrqns was dependent on a supply of 
charged particles. “Although with modern devices 
energetic charged particles are fairly easy to produce, 


4 Note added after submission of manuscript. The author has 
been kindly informed by the Editor that the August 15, 1947, 
issue of the Physical Review will carry an article announcing the 
fission of bismuth, lead, thallium, tantalum, and platinum. 
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the vast majority of these particles fritter away their 
energy in ionization of the outer electronic structure of 
the atoms of the target material and only a very small 
proportion of them leads to nuclear disintegrations or 
transmutations. Although these rare events are of 
great scientific interest they are of no interest from the 
point of view of releasing energy for power purposes, 
since much more energy is wasted in accelerating those 
many projectiles which miss their nuclear targets than 
is regained from those few that make successful hits. 

If we had to depend on artificially accelerated charged 
particles to provide the neutrons with which to cause 
fission, fission processes would also have remained of 
scientific interest only and would be observed only on 
the same small scale on which previously known exo- 
ergic nuclear reactions were observed. The fact that 
macroscopic release of energy from fission is possible de- 
pends entirely on the fact that uranium nuclei under- 
going fission provide their own neutrons with which 
further fissions can be triggered off. 

Requirements for a Chain Reaction. The requirement 
for a self-maintaining or a divergent chain reaction is 
very simple: the average number of neutrons produced 
per fission must be sufficiently large so that after all 
losses of neutrons by escape from the chain reacting 
system and by capture of neutrons in the various struc- 
tural and other nonfissile materials introduced into the 
chain reacting system have been taken care of, there is 
still on the average at least one neutron left to produce 
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the next fission. Since the average number of neutrons 
produced per fission lies somewhere between one and 
three it is clear that the margin is not great, and that 
care must be taken not to introduce into the chain re- 
acting system large amounts of material which captures 
neutrons readily. It is also clear that control of the 
chain reaction by the addition of strongly neutron- 
absorbing materials is possible. 

Possibility of Energy Release by the Complete Anni- 
hilation of Matter. The exoergic nuclear reactions we 
have so far discussed consist of a regrouping of the 
nucleons in a nucleus with an energy release of at most 
about 8 Mev/nucleon, which corresponds to a loss of 
mass of only slightly under one per cent. Is it not 
possible that some day a method for converting the 
entire mass of an atom into energy will be discovered, 
leading to reactions of the type H —, Fe —, or U -, 
where there is nothing on the right hand side of the 
arrow except energy? It is certainly possible in princi- 
ple, but at the moment we have no clues—just as before 
1939 we had no clues to uranium fission. Or perhaps 
the clues are there and we are muffing them, just as 
clues to uranium fission were muffed during the years 
1934-39. It may be that an intensive study of the 
various phenomena of cosmic rays, or of the reactions 
yet to be discovered with the new powerful cyclotrons, 
betatrons, and synchrotrons, will provide those clues 
which will lead to discoveries that will even further 
complicate our present day international problems. 


THE HYPOTHETICAL TIE ELEMENT— 
A Stoichiometric Method 


F'or rue solution of problems involving a material 
balance, the simplest method of relating the initial 
reacting material to the final reaction product is to find 
an element or material that passes unchanged in amount 
from the reactants to the products—a. tie element. 
Such a tie element is the calcium in a limestone being 
calcined to lime and converted to a lime product, or the 
ash in a coal which is coked or burned to form a refuse 
containing several components. 

Frequently no simple tie element is apparent, so that 
the first impulse is to use algebraic equations with un- 
knowns. It is the purpose of this paper to show that this 
may be avoided at times by selecting a “hypothetical tie 
element’’—an idealized component or product that can 
be related directly to the initial and final compositions 
of the reacting materials. This can be made clear by 
reference to problems found in textbooks in this field. 


KENNETH A. KOBE 
University of Texas, Austin, Texas 


In a lime kiln in which the limestone is being calcined 
with a gaseous fuel that contains an appreciable amount 
of nitrogen there is no direct tie element between the 
flue gas and any one of the entering components, the 
limestone, air or fuel gas. This problem can be solved 
by an algebraic method using the amounts of the three 
entering materials as unknowns.! It is much simpler 
to solve the problem by the “total theoretical nitrogen” 
method in which the fuel is burned with the stoichio- 
metric amount of air and the mols of nitrogen calculated 
for this theoretical, or hypothetical, combustion. On a 
basis of 100 mols of flue gas one calculates the mols of 
nitrogen present that would come from the hypothetical 
combustion with the stoichiometric amount of air. 





1 Lewis, W. K., anp A. H. Rapasca, “Industrial Stoichiom- 
etry,”” McGraw-Hill Book Company, New York (1926), pp. 82- 
85. 
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The amounts of total theoretical nitrogen formed in the 
combustion of 100 mols of fuel gas and that present in 
100 mols of flue gas are directly related, and the amount 
of fuel gas used per 100 mols of flue gas can be calculated. 
The amounts of air and limestone can then be calculated 
by arithmetic methods. 

This method can be applied where the hypothetical 
tie element is not a single element or compound. Lewis 
and Radasch? burn a pyrite that contains 48.0 per cent 
sulfur and form a cinder that contains 2.15 per cent 
sulfur in the form of combined sulfur trioxide. The 
percentage of the original sulfur that is lost in the cin- 
der is calculated by an algebraic method. The same 
problem can be solved by calculating the weight of 
sulfur-free cinder that can be formed from the pyrite 
and that is present in the cinder. This hypothetical 
tie element gives a direct, nonalgebraic solution which 
is based on a method of general application. The solu- 
tion of this problem will illustrate the method. 


4 FeS, -b 15 O, —>2 Fe,03 oa 8 SO; 
100 Ib. pyrite 
Components 


Basis: 


O, that combines with Fe = 
(48) (8)(82) 
(32.1) (8) 

Sulfur-free cinder = 
52.0 + 18.0 = 70.0 lb. 


S-free 
cinder 
Lb. 


Components From 100 lb. actual cinder 
b. Lb. 


5.37 
——> 94.63 


100.00 


0.0 SO; 


70.0 <— 

70.0 
The example shows that 70.0 lb. of S-free cinder is the 
tie element between the S-free cinder and the actual 
cinder, in which there exists 94.63 lb. of S-free cinder and 
5.37 lb. of sulfur trioxide (equivalent to 2.15 lb. of sul- 
fur). From this the sulfur in the cinder .can be calcu- 
lated on the basis selected. 


2.15 > 





Sulfur in the cinder 
(70.0) (2.15) 

(94.63) 
Sulfur lost in cinder = 


(1.59) (100) _ 
Thus, the weight of sulfur-free cinder that can be 
formed from the pyrite and the weight present in the 
actual cinder gives a hypothetical tie element between 
the two materials. If it is assumed that the sulfur in 


= 1.59 lb. 


the actual cinder is in the form of unburned pyrites, the . 


calculation of the weight of sulfur-free cinder present 
in the actual cinder is different, but the process of solv- 
ing the problem is the same, which is not true of the 
algebraic method. ; 


2 Ibid., pp. 67-68. 
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For the manufacture of paper pulp by the kraft proc- 
ess sodium sulfate is reduced to sodium sulfide and 
dissolved to form a “green liquor” which is causticized 
with lime. The reactions are: 


CaO + H:,O o—— Ca(OH). (1) 
NaS + Ca(OH). ~ 2 NaOH + CaS (2) 


The sludge is filtered and washed free of soluble sodium 
sulfide and hydroxide; it then contains the calcium 
sulfide formed, any unreacted calcium hydroxide and 
all insoluble matter from the lime. A lime that analyzed 
Ca(OH), 4.0, CaO 90.0, CaCO; 2.0 and inerts 4.0 per 
cent is used for the reaction. After the reaction the 
sludge is analyzed and found to contain 34.3 per cent 
sulfur on the dry basis. What percentage of the active 
lime, CaO + Ca(OH)s, remains unreacted in the sludge? 
No direct tie element is present, but a hypothetical tie 
element can be selected. This may be the slacked lime 
formed from the lime analyzed. From reaction (2) it is 
apparent that 2 OH have been displaced for each S 
formed in the residue. Using this ratio the weight of 
slacked lime used can be calculated. The slacked lime 
from the quick lime and from the residue tie together to 
give a simple solution of the problem. 

Problems involving the fortification of waste nitrat- 
ing acid with fresh sulfuric and nitric acids are usually 
worked by algebraic or graphical methods. A hypo- 
thetical tie element of “free water” allows this type of 
problem to be solved in a simple manner. Hougen and 
Watson® give such a problem in which the concentra- 
tions are: 

Concen- 
trated 
Nitric 

Acid % 
90.0 


10.0 
100.0 


Concen- 
trated 
Sulfuric 
Acid % 


Waste 
Acid % 
23.0 
57.0 
20.0 


100.0 


Fortified 

Acid % 
27.0 
60.0 
13.0 


100.0 


HNO; 
H.S0, 
H.0 


93.0 
7.0 
100.0 





The compositions of the waste and fortified acids can 
be expressed in terms of the concentrated sulfuric and 
nitric acids which would be mixed with “free water’ 
to give these solutions: 


Waste + 
Acid % 


Fortified 
Acid % 
30.00 
64.52 
5.48 


100.00 


Cone. Nitric 
Conc. Sulfuric 
Free Water 


Basis: 1000 lb. fortified acid 
Waste acid used = 
(1000) (0.0548) , . 
(0.1325) 414 lb. waste acid. 
Material balances then give:. 
Concentrated sulfuric acid = (1000) (0.6452) — (414)(0.6129) = 
392 lb. conc. sulfuric 
Concentrated nitric acid = (1000)(0.3000) — (414)(0.2556) = 
194 lb. cone. nitric 
Material balance ; 
414 + 392 + 194 = 1000 lb. fortified acid. 


3 Housen, O. A:, anp K. M. Watson, “Chemical Process 
Principles,’ Wiley and Sons, Inc., New York (1943), pp. 168-9. 











TECHNIQUES EMPLOYED IN MAKING 
LITERATURE SEARCHES FOR A PATENT 
DEPARTMENT 


Tue Raprvity increasing mass of scientific literature 
has made the problem of searching through it for a 
particular compound, reaction, or process one to be 
handled only by a specialist. In the literature searching 
groups to be described, specialization is carried to the 
point that patents are searched by the staff of the patent 
library while literature other than patents is covered 
by the members of the technical library staff who also 
make literature searches for other divisions of the 
research organization as well as for one of the affiliated 
companies. We find that an urgent request from the 
patent department for literature on a certain subject 
is often followed by a series of related requests from 
other departments of both companies. 

Members of the staffs of both libraries are chemists 
who are strong in organic chemistry and who have a 
reading knowledge of at least French and German. 
Most foreign languages in which scientific articles 
appear can be read by some member of the staff. The 
personal characteristics of the people doing this type 
of work are most important, for perseverance, integ- 
rity, good judgment, ability to analyze a problem, and 
ingenuity or chemical intuition are just as necessary as 
proper academic background. It has been said (1) that 
“the first great principle in learning to use a library is 
to acquire the knack of saving time.” Individuals 
with the characteristics we have mentioned gradually 
develop this knack of saving time, which is built up of 
familiarity with the tools, skill in using indexes or 
patents, knowledge of how to take short cuts safely, 
judgment in what should be included, the ability to 
read rapidly and increased ease in handling foreign 
languages. 

Most requests from the patent department for litera- 
ture and patent searches fall into four general classes: 
patentability, state-of-the-art, infringement, and va- 
lidity. Since patentability searches are requested most 
frequently they will be considered first and in con- 
siderable detail. 

When results of laboratory research reach the patent 
department in the form of a memorandum the patent 
attorney to whom the case is assigned usually requests 
both patent and literature searches. The patent de- 
partment is divided into three sections, organic chem- 
istry, petroleum production and exploration, and pe- 
troleum technology, each section being headed by a 
group leader. Requests for searches originate with the 
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member of the patent department to whom the case 
has been assigned but are first sent for approval to the 
group leader who has an over-all picture of the work 
to be done in the section as well as of the research 
underway in the laboratory. He is often able to com- 
bine several searches or to broaden one search so that 
it can take the place of several which might otherwise 
be necessary later. Requests are made on standard 
forms which are somewhat different for the two li- 
braries. Allinformation already available to the patent 
attorney is indicated in the request so that the searcher 
may build up the picture as quickly as possible. After 
the request for a search has been assigned to a particular 
member of either library staff, the first step is always a 
complete survey of the problem, using company re- 
ports, correspondence, and general references to supply 
the background. A conference with the patent at- 
torney requesting the search follows. This rounds out 
the picture and gives the searcher an understanding of 
the scope of the investigation, points to be emphasized, 
and related material to be included. 

In the patent library the first step in this type of 
search is to consult an index of searches already com- 
pleted and in some cases it proves necessary only to 
bring an earlier search up to date. The patent library 
has an extensive collection of U. 8. and foreign patents, 
classified and filed according to the system of the United 
States Patent Office. Searches are conducted in this 
library as they would be in Washington. The patents 
are abstracted and these abstracts, on 5 inch by 8 inch 
slips of paper, are filed under patent number, inventor, 
assignee, and in a cross reference file arranged according 
to the classification used for patents. U. S., British, 
German, and French patents are filed separately, each 
according to the classification just mentioned. Patents 
issued in other countries such as Canada, The Nether- 
lands, etc., are filed numerically by country and not by 
classification. Knowledge of the subject matter con- 
tained in these patents is obtained through use of the 
cross-reference file. Special indexes are kept on sub- 
jects of particular interest in cases where the patents 
themselves may be widely scattered. For example, the 
process of dehydrogenation may produce a wide variety 
of products such as aromatic hydrocarbons, olefins, 
diolefins, ketones, ethers, esters, or unsaturated com- 
pounds, each of which is found in a different subclass. 

After the index of earlier searches and special indexes 
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have been checked, the files of the patents themselves 
and the cross-reference file of abstracts are systemati- 
cally searched in subclasses selected by reference to the 
“Manual of Classification of Patents” and the Classi- 
fication Bulletins. Pertinent patents are removed 
from the files. If it proves that too many patents 
appear to be pertinent another conference may be 
needed to make the search more specific. 

Upon completion of the search the patents found are 
arranged in numerical order by countries and sent to 
the patent attorney with a report listing them. If a 
large number of patents are sent, they are arranged logi- 
cally; for example, in the case of a catalytic process the 
patents may be arranged according to the catalyst used. 
A duplicate copy of the report is indexed and filed in the 
patent library for future reference. 

Patentability searches conducted by the library staff 
are of two types; a brief preliminary examination, and a 
regular patentability search in cases where the subject 
is of sustained interest. Techniques involved in 
making regular patentability searches are common to 
most types of searches and so may well be described 
first and in detail. In the technical library the starting 
point of all searches is the file of index slips which the 
library has accumulated. Subject matter is classified 
according to the Brussels System and covers references 
in periodicals, government publications, material put 
out by associations and societies, trade literature, 
books, literature searches previously made, and mis- 
cellaneous material. As in the case of patent searches, 
an earlier investigation brought up to date may take 
care of the request or some portion of it. General 
works such as Meyer and Jacobson, Richter, and Beil- 
stein are next consulted if the problem is in the field of 
organic chemistry. For questions involving petroleum 
technology ‘‘Das Erdél,” ‘‘The Science of Petroleum,” 
“The Chemistry of the Petroleum Derivatives” and 
similar works are used. Abstract journals are covered 
next. This step in the search is of the greatest impor- 
tance as it serves as a key to the periodical literature. 
An abstract is not regarded as a substitute for the 
article abstracted; in all but a brief preliminary exami- 
nation the original reference is read whenever possible. 
The nature of the problem determines which of the 
abstract journals and indexes should be used, and in a 
regular patentability search it is usually necessary to 
use several different ones. For example, Chemical 
Abstracts and Chemisches Zentralblatt would both be 
consulted for references pertinent to a problem in 
organic chemistry. British Chemical Abstracts has 
been found to be particularly useful in finding literature 
on industrial processes or applications. Engineering 
Index is used in addition to the abstract journals when 
the problem involved is one of process and equipment. 
Industrial Arts Index is often valuable, particularly as 
an aid in covering the literature of the current year. 
For problems in petroleum technology the abstract 
journals and indexes previously mentioned aré used 
together with such special abstracts as those appearing 
in the Journal of the Institute of Petroleum and The 
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Petroleum Refiner. - Earlier literature is covered in part 
by the Bibliography of Petroleum and Allied Substances, 
compiled for a time by the U. S. Bureau of Mines. 
Several special abstract journals and indexes, such as 
Experiment Station Record, Biological Abstracts, Bibli- 
ography of Agriculture and Agricultural Index, are used 
for problems dealing with agriculture. 

Abstracts of interest are located through patent, 
author, formula, and subject indexes. In his book 
“The Literature of Chemistry” Crane says: “Skill in 
searching involves skill in index using and index using 
is an art in itself, a thing to be acquired.” Patent 
indexes are simple to use. The Special Libraries pub- 
lication ‘‘Index to Patents in Chemical Abstracts 1907- 
1936” makes it possible to find the abstracts in Chemi- 
cal Abstracts in the years before a patent index was 
included in that journal. The patent index of Chem- 
isches Zentralblatt is used to find equivalent patents in 
foreign countries. Author indexes are used in a regular 
search only when the work of one or two men has been 
found to be of particular interest. Occasionally spell- 
ing of such names as those of Russian origin, where the 
German and English transliterations are quite different, 
may make the author index somewhat difficult to use. 
Formula indexes are found in both Chemical Abstracts 
and Chemisches Zentralblatt. They are most useful at 
the beginning of a search as an aid in working out the 
nomenclature of the compounds under investigation. 
One whole class of complex compounds was found to 
be known by a member of the library staff after the 


laboratory chemist, less skilled in the intricacies of 
indexes, had concluded that it was novel. A complex 
compound with a number of functional groups may be 
classified in the subject index under any one of several 
different headings, and for patentability searches the 
formula index of Chemical Abstracts is usually used only 


to find the proper entry in the subject index. Chem- 
isches Zentralblatt’s formula index with the subject index 
is used for all compounds. The proper use of subject 
indexes calls for a broad knowledge of chemistry, a 
complete understanding of the problem under investi- 
gation, familiarity with the particular subject index 
and considerable ingenuity. Each subject index has 
its own idiosyncrasies, and this is particularly true of 
the index of British Chemical Abstracts where the entries 
are key words rather than subjects. 

In conducting a patentability search in the field of 
organic chemistry Chemical Abstracts would be used, 
first starting with the latest volume and working — 
backward. This would be followed by Chemisches 
Zentralblatt, using the formula index first and then the 
subject index of the latest volume and continuing back 
to 1919. This year was selected both because the 
main volumes of Beilstein cover the period up to that 
time and because in that year Chemisches Zentralblatt 
began a wider coverage of technical articles. When 
the abstract journal indicates that something of interest 
may be found in the original article the reference, 
together with the C. A. or C. Z. reference, is copied on 
a 4 inch by 6 inch slip together with a brief note of the 
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information to be sought in the origmal article. Patent 
references indicated by a P in Chemical Abstracts and 
* in Chemisches Zentralblatt are omitted in patentability 
searches unless the request specified that they should be 
included for some reason. After work with the first 
abstract journal has been completed, the working slips 
“are sorted by periodical to eliminate duplication and 
for convenience later in consulting the originals. As 
the search progresses other abstract journals, bibliog- 
raphies, footnotes, and review articles provide more 
references for this collection of ‘‘to read” slips. If a 
reference to a certain article is found in Chemical 
Abstracts, Chemisches Zentralblatt, and Beilstein all 
three references are indicated on the slip and also in 
the final report. It is understood that in all searches 
except those of the preliminary examination variety 
the original is to be read and, in the relatively small 
number of cases where the article cannot be obtained or 
where the language is one that cannot be read, the 
written report indicates that the information is based on 
abstracts. In such cases all available abstracts are 
read, British Chemical Abstracts being particularly 
helpful because its abstracts are much longer and more 
detailed than those of the other abstract journals. For 
example, where Chemical Abstracts may say merely 
that 27 solvents were tried with a certain resin, British 
Chemical Abstracts will probably list the solvents. 
References in periodicals not locally available are 
secured on microfilm and an extensive file of such ma- 
This material is 


terial is being built up gradually. 
made available for other searches through the system 
of index slips. : 
The search report submitted by the technical library 
to the patent attorney after all the references have been 
read consists of extracts pertinent to the problem taken 


from the original article. The extracts are usually 
arranged in order of importance. Related material 
is often included at the end of the report under the 
heading: “The following references may also be of 
interest.”” The only general rules in assembling the 
material are that the arrangement be a logical one and 
one which will make the material as easy as possible to 
use, considering the purpose of the search. A chrono- 
logical arrangement is used only when it is significant, 
for example in the literature dealing with the develop- 
ment of a certain phase of distillation. If there is much 
material it is separated according to subject matter and 
a table of contents is included. Often it is necessary 
. to say, “No material found.”” Thisis a source of satis- 
faction to the patent attorney in the case of patentability 


searches, but never to the library staff. The original 


articles are not sent with the report but are sent to 
the patent attorney upon request. The reports are 
not critical, except that apparent errors are noted. 
Copies of all search reports are sent to the company’s 
research laboratories. Of course a copy of every search 
is indexed and filed in the library. 

The preliminary examination or brief form of the 
patentability search calls for greater skill and experi- 
ence on the part of the searcher, for much less time is 


-were leafed through page by page. 


JOURNAL OF CHEMICAL EDUCATION 


allotted to it and only the most promising sources are 
consulted. Familiarity with the various periodicals 
and works of reference and well-developed skill in using 
the indexes of the abstract journals are essential. In 
this type of search, if the problem is one of novelty of a 
compound, only one good reference showing that it is 
already known is needed. Books, especially those like 
“Hydrogenation of Organic Substances,” by Ellis, 
and “Catalytic Oxidation in the Vapor Phase,” by 
Marek and Hahn, encyclopedias such as Thorpe and 
Ullmann, bibliographies such as “Bibliography of 
Organic Sulfur Compounds,” by Borgstrom and others, 
are particularly important in this type of search. Oc- 
casionally the answer may even be found in a book like 
“The Chemical Formulary.” If no material is found 
in the brief preliminary examination a regular patent- 
ability search may be requested later, but no duplication 
of effort is involved because records are kept by the 
library on all searches, even the briefest. 

The description of the procedure followed in making 
and reporting patentability searches gives a general 
idea of how searches are conducted in our libraries. 
State-of-the-art searches may be considered as extended 
patentability searches and are made in a similar manner. 
They are much more time-consuming because of the 
broader field to be covered. Infringement searches are 
carried out in the patent library by checking the claims 
of U. S. patents issued in the last seventeen years. 
Infringement and validity searches, because of their im- 
portance, are carried out by the most experienced mem- 
bers of the group. Validity searches in both libraries 
call for the most exhaustive investigation. Every 
patent and every footnote which might possibly have 
bearing on the case is investigated. Early works such 
as Dingler’s Polytechniches Journal, Fortschritte der 
Chemie, Fehling’s ‘“‘Neues Handwérterbuch der Chem- 
ie,” Erlenmeyer’s ‘‘“Handwérterbuch der Chemie,” and 
Muspratt’s ‘Theoretische, Practische und Analytische 
Chemie in Anwendung auf Kiinste und Gewerbe” 
are given special attention. In one validity search in 
the field of petroleum technology, early and less-known 
periodicals on the subject, for example, California Der- 
rick, which are not covered by the abstract journals, 
In this type of 
investigation the publication date is of paramount 
importance. If a good reference is found which does 
not bear a sufficiently early publication date to be useful 
investigation may produce an earlier brief announce- 
ment or note concerning the work in another periodical. 
The date appearing on a magazine sometimes does not 
indicate when it was first available to the public. For 
example, the issue of Chemical Reviews dated October, 
1945, was received in our library on January 2, 1946, 
while the February, 1946, issue of the same magazine 
was received on April 4th. An interesting note in 
Science (3) tells of a scientific publication bearing the 
date July 15, 1936, although a letter received by the au- 
thor concerning its publication was dated November 25, 
1937, and stated that the proof was then being read 
and the author stated that he received his copy of the 
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publication February 18, 1938. All material received 
in the library is stamped with the date received. In one 
validity search, where a technical article was important 
evidence, it was necessary to have affidavits prepared 
showing the date on which this publication was actually 
available to the public in the libraries of the area. 

In addition to the four general types of searches dis- 
cussed, other types of information are frequently re- 
quested by the patent department. These requests 
are not usually made on the regular search blanks but 
are made and answered informally. While the regular 
searches are assigned according to a flexible schedule 
these other requests for information usually require 
an immediate answer if the information is to be of use 
and are handled accordingly. Notes on the replies to 
these questions are filed just like searches. They are 
usually brief, as will be shown later, but experience 
has proved that their very informality makes it desir- 
able to record them for possible future reference. In 
the patent library these requests may take the form of 
a request for a specific patent when the information 
concerning it is incomplete or incorrect. Lists of 
patents by a certain inventor or patents assigned to a 
company on a particular process may be requested. 
The inventor and assignee files of index slips are in- 
valuable in answering these requests. 

In the technical library these brief requests are of 
various kinds, some of which may be of interest. It 
is sometimes advantageous in connection with inter- 
ference actions to have a chronological pattern of the 
activities of a man whose patent application is involved 
in the interference, in order to approximate the period 
of invention. When the technical library receives 
such a request it may be answered quickly if the man 
is listed in ‘American Men of Science’’ or similar biblio- 
graphical reference books. If he does not appear in 
any such volume the path to be followed is tortuous. 
The large collection of lists of memberships of scien- 
tific and technical societies covering a period of years is 
most useful in finding the affiliations of the person in 
question. Patents and periodical articles also give 
such information. Even such odd references as city 
and telephone directories may be used. It is an in- 
teresting game toefill in the blank periods and present 
a continuous picture of a man’s activities. 

Company relationships and ownership are of interest 
to the patent department as well as to other members 
of the research organization. All current periodicals 
and other material are reviewed as they are received 
in the technical library, and among the types of infor- 
mation recorded on index slips is anything which would 
add to our knowledge of the structure of companies in 
the chemical and petroleum fields. Index slips, filed 
under the names of all companies involved, cover in- 
formation obtained from such diverse sources as news 
items in periodicals, company correspondence, and 
Congressional hearings and statements filed with the 
SEC. Questions involving ownership can usually be 
answered by the use of the technical library’s index 
slips and Moody’s “Industrials” or “Standard Poors.” 
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Members of the staff of the technical library are 
considered to be experts on matters of nomenclature 
and many questions concerning structure, formulas, and 
naming of compounds reach this group. Formula 
indexes of abstract journals and Beilstein are useful in 
obtaining such information quickly and these, together 
with dictionaries, textbooks, and the “Naming and 
Indexing of Chemical Compounds by Chemical Ab- 
stracts’”’ usually serve to answer such questions. 

The composition or manufacturer of trade-named 
products is also often requested. In addition to such 
sources of information as the lists in Thomas’ “Reg- 
ister” and Chemical Industries Buyers Guidebook 
Number, Zimmerman and Lavine’s “Handbook of 
Material Trade-Names,” the SLA “Trade Name In- 
dex,” and Gardiner’s “Synonyms and Tradenames,”’ 
the index compiled by the technical library over a 
period of years is most useful. 

In answering requests for physical properties of 
compounds, references such as “International Critical 
Tables,” Landolt Bérnstein, Seidell, Lecat, Beilstein, 
dictionaries, and handbooks are consulted first. If 
the information is not found through such sources it 
may be necessary to check the abstract journals. Such 
special collections on the properties of hydrocarbons as 
those of Doss, Egloff, and Faraday and the work of the 
API and the National Bureau of Standards usually 
make it unnecessary to go to the abstract journals for 
information in this field. 

In order to decide in which foreign countries patents 
should be filed, the technical library may be asked to 
prepare a brief review of the economics and develop- 
ment of a certain industry in the foreign countries where 
filing is doubtful. 

Definitions or statements of fact may be needed to 
support a point or convince a patent examinef. Dic- 
tionaries and reference books are usually used for such 
information since it is important that such questions be 
from well-known and authoritative sources. As an 
example of this type of request the library was asked, 
in connection with a recent patent suit, to prepare a 
list of references showing that benzene possessed the 
characteristics of paraffins rather than,olefins. 

These searches have direct bearing on the effective 
production of the patent department. Such a simple 
bit of information as azeotropic composition may be 
needed to convince the patent examiner that a separa- 
tion process will function as the patent application 
claims. It is reported (4, 5)'that 30 to 50 per cent of 
the patent applications fail to become patents and that 
most of the applications rejected were found to be 
anticipated by or did not distinguish in a patentable 
sense over prior art. In addition to preventing the 
filing of applications which would be rejected on patent 
or literature references, good patentability searches are 
needed by the patent attorney in judging the proper 
scope of his claims, so that the result will be a strong 
patent which could not be proved invalid later if court 
action were taken against it. A state-of-the-art in- 
(Continued on page 556) 
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The successful chemist must live his profession 
and find greater pleasure in his work than in 
anything else he does. 

—Rocer ADAMS 











Te rors Industrial University was founded in 
1867, primarily for the training of students in engi- 
neering, agriculture, and technology. In such a setting 
it is but natural that chemistry should have been among 
the first courses to be offered, and that a large propor- 
tion of the students should have enrolled in it. The 
scope of the university gradually broadened and the 
word “Industrial’’ was dropped from its name in 1886, 
but the colleges of engineering and agriculture and the 
science departments long continued to play the predomi- 
nant role in its growth. As a service department to 
the technological branches of the university, and in its 
own right, the Department of Chemistry has grown 
steadily and has always been one of the largest depart- 
ments in the university. This growth is well reflected 
in the building program of the department. Until 
1878 chemistry was housed in the basement of the orig- 
inal University Building, but in that year it moved into 
the first “Chemistry Building.” This building was soon 
outgrown, and in 1901 the state legislature appropri- 
ated $150,000 for a new and larger building. This 
building was in the form of the letter E, 230 feet long, 
116 feet wide and four stories high. Originally it 
housed the State Water Survey and State Geological 
Survey as well as the Department of Chemistry. Un- 
fortunately, the amount of money available proved to 
be inadequate for both construction and equipment, so 
the building was largely equipped with furniture taken 
from the earlier quarters. Even so, the new structure 
was the pride of the campus and was thought to be ade- 
quate for many years to come. Little was known of 
fireproof construction in 1902, but the architects did 
the best that was possible with the materials of construc- 
tion then available and provided a “fire-resistant” 
structure. The bearing walls are of brick and the build- 
ing is divided laterally into three sections separated by 
heavy brick “fire walls.” The structure of the floors 
is particularly interesting. Wooden beams, eight 
inches by eighteen, support a floor of two-inch plank, 
upon which lie twelve inches of sand, and then a layer of 
one-inch flooring covered with a mastic surface. Arti- 
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ficial ventilation was not well developed in 1902, and the 
hoods in the chemistry building were provided only with 
ducts leading to the roof, through which, it was hoped, 
the natural draft would draw obnoxious fumes. 

As the university and the Chemistry Department 
continued to grow, this building became entirely inade- 
quate. The 1913 legislature provided funds for an ad- 
dition which more than doubled the floor area of the 
building and gave the University of Illinois what was 
said to be the world’s largest building devoted to the 
teaching of chemistry. As a part of the dedication of 
the new addition the American Chemical Society held 
its national meeting in Urbana in the spring of 1916. 

The 1902 and 1916 units were rededicated in 1939 in 
honor of Professor W. A. Noyes, who was Head of the 
Chemistry Department from 1907 until 1926. The 
structure is now known as the William Albert Noyes 
Laboratory of Chemistry. 

The real growth of American chemistry, and of the 
universities, was yet to come, however, and it was soon 
seen that the new quarters would not long be adequate 
to meet the demands made upor them. The building 
was fairly bursting at the seams within a decade, but 
it was not until 1931 that relief was provided. In that 
year all of the work in general chemistry, qualitative 
analysis and elementary quantitative analysis was 
moved into the Chemistry Annex, a four-story, fire- 
proof structure 50 feet by 200 feet close to the main 
Chemistry Building and connected with it by a tunnel.' 
The remainder of the Chemistry Department expanded 
into the vacated space in the older building. By 1937 
the university had grown so much that the main build- 
ing was again badly crowded, and plans began to be 
laid for increased space. Because of the war, the ful- 
fillment of these plans was much delayed. In 1945 the 
legislature appropriated the necessary funds, but con- 
struction had to be delayed because of shortages of 
materials and labor. The new building now under 
construction is near the Noyes Laboratory and the 
Chemistry Annex and will be connected with them by 
underground passageways for the trucking of supplies 
and equipment. It is to be five stories high, with a 
total floor area of 108,000 square feet. The lower three 
floors will house the Division of Chemical Engineering, 
and the upper two, Biochemistry. 





1 For a description of the laboratories in the Chemistry Annex 
see J. Comm. Epuc., 24, 327 (1947). 
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ORGANIZATION 


The Chemistry Department is one of the eighteen 
departments of the College of Liberal Arts and Sciences. 
For convenience it is unofficially and loosely divided 
into six divisons, each of which handles its own courses. 
These are Analytical Chemistry, Biochemistry, Chemi- 
cal Engineering, Inorganic Chemistry, Organic Chem- 
istry, and Physical Chemistry. Occasionally a staff 
member may serve in two divisions simultaneously; 
transfers from one division to another are not uncom- 
mon. 

Illinois offered a curriculum in “Applied Chemistry, 
with Engineering Subjects’ in 1894, and was thus one 
of the first universities to establish a program in chemi- 
cal engineering. This was reorganized as a curriculum 
leading to a degree in chemical engineering in 1901. 
While the inclusion of chemical engineering in the De- 
partment of Chemistry is somewhat unusual the plan 
has been highly successful at Illinois, and both the 
engineers and the chemists feel that the close association 
is mutually beneficial. While specific requirements in 
chemical engineering are somewhat different from those 
inchemistry, the underlying philosophy of education is 
the same, 

In addition to advanced inorganic, the Inorganic 
Division handles the courses in general chemistry and 
elementary qualitative analysis. It is rather an anom- 
aly that some of the members of the Inorganic Division 
are not inorganic chemists, but are primarily interested 
in other fields to which they devote their research time. 
These people do their teaching in general chemistry, 
where, it has been found, the work is greatly strength- 
ened by the diversity of interests of members of the staff. 

During the fall term, 1946-47, the Chemistry Depart- 
ment at Urbana had 5321 enrollments, including both 
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graduate and undergraduate students. This number 
does not represent the number of individual students, 
as advanced undergraduates and graduates may carry 
two or more chemistry courses simultaneously. Of the 
total number, 2582 were enrolled in general chemistry. 
There were about 500 undergraduates majoring in 
chemistry or in the chemistry curriculum and 378 in 
chemical engineering. At that time there were 227 
graduate students majoring in chemistry and chemical 
engineering. The ratio of freshmen and sophomores to 
advanced students will probably change soon, for in 
1946 the university established junior college branches 
in Chicago and Galesburg, the graduates of which will 
feed into the junior class at Urbana. 

At present the permanent “senior” staff consists of 
thirty-seven persons. These give the lectures, direct 
the work of research students, and carry part of the 
instructional load in the recitation and laboratory 
classes. Most of the latter work, however, is done by 105 
assistants, who constitute the “junior staff,’’ and who 
are graduate students devoting part of their time to 
teaching. These people are given “in-service” training 
by the senior staff, and their work is carefully super- 
vised, both in recitation and laboratory. They usually 
attend the lectures in the course in which they are teach- 
ing and are guided by weekly staff meetings and by 
personal conferences with the senior staff. While they 
are expected to give short written quizzes to their 
classes at least weekly, the monthly “hour examinations” 
and the final examinations are set by the senior staff 
member in charge of each course. The assistants are 
graded on their teaching, just as they are graded on the 
graduate courses which they take. Lecture sections 
may consist of 200 or more students (every effort is 
made to keep the number below 150), but recitation and 
laboratory sections do not exceed 24. The laboratory 
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Photograph by C. F. Miller 
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classes in physical chemistry usually contain only about 
a dozen students, 

Relations between faculty and students are on a 
pleasantly informal basis, and it is not unusual to find a 
professor playing golf with his students or swapping 
yarns with them in the laboratory. The annual Phi 
Lambda Upsilon picnic, the Alpha Chi Sigma smokers, 
and many other social functions help to bring the faculty 
and students together in informal ways. The friendly 
atmosphere of the department is of great importance 
in its success. 


CURRICULA IN CHEMISTRY AND CHEMICAL 
ENGINEERING 


Undergraduates wishing to specialize in chemistry 
may enroll in the chemistry curriculum (Table 1) or 
take a major in chemistry in the general curriculum. 
These curricula differ in several respects, the most im- 
portant of which are: 

(1) The former requires 130 hours of graduation, as 
compared with 120 for the latter. 

(2) The general curriculum requires 15 hours of 
“liberal arts’ work (literature, economics, history, 
philosophy, etc.) for graduation. The chemistry cur- 
riculum permits this but does not require it. 

(3) The general curriculum requires two years of any 
foreign language, while the chemistry curriculum 
specifies German or French (Russian will now be ac- 
cepted, also). 


(4) The major in the general curriculum demands 
twenty hours of chemistry beyond the freshmen courses, 
including five hours of course work open only to juniors 


and seniors. As Table 1 shows, the chemistry curric- 
ulum requires nearly double this amount of chemistry. 

Most students wishing to become professional chem- 
ists elect the chemistry curriculum, while those expect- 
ing to go into allied fields, such as medicine, choose the 
chemistry major. 

The chemical engineering curriculum is shown in 
Table 2. Since many students enter the university 
inadequately prepared for this program, an optional 
five-year curriculum is also offered. This not only al- 
lows time for additional training in mathematics, chem- 
istry, and foreign language, but enables the student to 
work in some nonscience electives. 

The chemistry courses required by the chemical 
engineering curriculum are nearly the same as those 
specified in the chemistry curriculum. Students in the 
latter, however, normally take twenty or thirty addi- 
tional hours in chemistry, while the chemical engineers 
devote their time to courses in chemical, mechanical, 
and electrical engineering, theoretical and applied me- 
chanics, and engineering drawing. 

Students who have had high-school chemistry take a 
three-credit-hour course in the first semester of the 
freshman year, while those who have not take a five- 
hour course. At the beginning of the term, the former 
group is subjected to a placement examination, and 
those who do poorly are advised to register in the five- 
hour course. Those who do extremely well, on the 
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other hand, are given credit for the first semester’ 
work and go directly into the next course. This plan 
has proved to be a great help, for it has allowed each 
student to work at the limit of hiscapacity. After this 
first semester the students are divided into groups on 
the basis of their professional interests. For example, 
second-semester freshmen who plan to specialize in 
chemistry or chemical engineering are segregated ani 
are given a course in descriptive and theoretical inor- 
ganic chemistry (Chemistry 6), which is designed to 
interest them and stimulate them to further work. The 
assumption is made that they have selected this course 
because they are particularly interested in chemistry 
or learn it readily, and the course is pitched at a rather 
high level for freshmen. Second-semester freshmen in 
engineering (other than chemical engineers) take a 
course which emphasizes the chemistry of the materials 
which are of interest to engineers (Chemistry 4). Since 
this is a terminal course in chemistry for these people, 
about three weeks of organic chemistry is included, 
special attention being paid to petroleum, fuels, rubber, 
and other engineering materials. 

All second-semester freshmen who do not fall into 
one of the groups just mentioned are in still a third 
chemistry course (Chemistry 5). This group consists 
mostly of students in agriculture and home economics, 
and premedical, predental, and preveterinary students. 
The course includes the chemistry of the metals and 
elementary qualitative analysis. A fourth course 
(Chemistry 8a-8b), enrolling a highly selected group of 
chemists and chemical engineers, runs through both 
semesters of the freshman year. 

The same sort of distinction is made in the later 
years. For example, the preprofessional and agricul- 
ture groups take a slightly different (and easier) course 
in organic chemistry than do the chemists and chemical 
engineers. It is not impossible for a good student to 
“cross over” to the chemistry major program, but he 
may find the courses rather difficult until he becomes 
adjusted to the greater demands of this program. 

The Chemistry Department at Illinois offers very 
few specialized courses (as, for example, in plastics or 
in gas and fuel analysis) but tries to give each studenta 
grasp of the fundamentgls of chemistry. This attitude 
is based on the belief that anyone who truly understands 
chemistry will, be able to acquire for himself any spe- 
cialized knowledge which he needs for his specific job. 


RESTRICTIONS ON ENROLLMENT 


Because of the crowded conditions in the Noyes Labo- 
ratory, it has been necessary to limit the enrollment of 
advanced undergraduates and graduates in both chem- 
istry and chemical engineering to those having superior 
records. tudents may not take chemistry or chemical 
enginéering courses more advanced than the first semes- 
ter of quantitative analysis or organic chemistry unless 
they maintain from semester to semester scholastic 
averages of at least 3.5 (A = 5,B = 4,C = 3, D = 2 
E = 1) in all of their work or in their chemistry and 
chemical engineering courses. A student is not ad- 
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Chemistry Annex 


mitted to graduate work unless his undergraduate aver- 
age is at least 3.75.? 

Throughout the department emphasis is laid upon 
the research point of view, and even in the freshman 
courses gaps in our knowledge and flaws in our current 
theories are discussed. The students in Chemistry 6, 
for example, are introduced to the problems of the struc- 
ture of the boron hydrides and phosphorus pentachlo- 
rideand thestabilization of valencethrough coordination. 
In former years all seniors in the chemistry and chemi- 
cal engineering curricula were required to do research 
work and present theses as requisites to graduation. 
Because of lack of space this has been abandoned as a 
requirement, but it remains as an option. The better 
students are urged to do thesis work, and the seniors 
in chemical engineering are required to take a “proj- 
ects course”’ which is in many ways similar to the thesis 
work. Most of them also take part in the problem con- 
test sponsored by the American Institute of Chemical 
Engineers. Unless a student has taken part in one of 
these projects or has done research and written a senior 
thesis, he is not eligible for honors upon graduation. 
The thesis work may require as much as one-third of 
the student’s time during his senior year; it has been 
found to broaden greatly the youthful chemist’s and 
engineer’s horizon and frequently gives him an entirely 
new conception of the chemical profession. 

The staff at Illinois has always emphasized the value 
of graduate work, and a large number of the seniors 
(both in chemistry and chemical engineering) go to 
other universities to pursue graduate work. A few 
continue at Illinois, but this practice is strongly dis- 
couraged as it is felt that the student gains much from a 
new environment—he sees things done in a different 


way and learns of new methods of approaching chemical 
problems. Of no small importance is the fact that he 
has to compete with a new group of students and im- 
press a new group of teachers. In short, it puts him on 
his mettle. 


LIBRARY 


The Chemistry Library, containing about 22,000 
volumes, is housed in Noyes Laboratory. The stacks 
are open, but books which are in great demand are kept 
on “reserve” and may be borrowed for only two hours. 
Reference books, such as Beilstein and the International 
Critical Tables, do not circulate at all. Many books 
and journals which are not strictly chemical may be 
found in other departmental libraries, such as physics, 
engineering, or agriculture. All of the departmental 
libraries are branches of the main library and are not 
controlled by the departments concerned. However, 
the library staff has been most cooperative in securing 
books which are requested and in other ways. 


GRADUATE WORK 


Each graduate student in chemistry or chemical 
engineering, after admission to the Graduate School 
but before beginning his work, is required to take a 
series of four “registration examinations” in the fields 
of analytical, inorgnic, organic, and physical chemistry.* 
Each of these examinations requires three hours and 
covers little more than the work in the first year of each 
of the fields mentioned. These examinations are not 
designed to test the student’s fitness for graduate work 
but to locate his weak spots and enable him to strengthen 
them. In each field in which he does poorly he is 
required to take a broad general course, for which he is 





2 A slightly higher standard is expected of graduate students 
who have done a year or more of graduate work before coming 
to Illinois. 


’ Students in chemical engineering take two examinations in 
that subject, one in physical chemistry and any one of the other 
three examinations. 
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given full graduate credit. He is expected to finish 
these the first semester, or at least in the first two semes- 
ters. 

A candidate for the master’s degree in chemistry may 
present all of his work in chemistry, or he may include 
in his program a “minor” subject such as physics, mathe- 
matics, education, bacteriology, etc. Master’s degree 
candidates in chemical engineering often include chem- 
istry courses in their programs; in addition, some pre- 
sent minors in mechanics, engineering, or mathematics. 
Normally, candidates for the master’s degree in chem- 
istry include research among their courses and write 
theses based upon the research. Thisis required of can- 
didates in chemical engineering. The research consti- 
tutes about a quarter of the work required for the de- 
gree. The students are allowed free choice in the selec- 
tion of their fields of research and their research direc- 
tors and are encouraged to discuss research problems 
with several members of the staff before making a selec- 
tion. While it is not uncommon for two or more staff 
members to work together on a research project it is 
generally true that each has his own field of research, 
so the student has a very wide range of problems from 
which to choose. 

The master’s degree in chemistry may be granted 
without the requirement of a thesis, but in this case 
at least half of the work presented must be from the 
more advanced graduate courses. This program is most 
suitable for high-school teachers who attend the uni- 


versity only during summer sessions, or for others whose 
programs are irregular. 

A candidate for the doctor’s degree selects one of 
the fields of chemistry or chemical engineering as his 
major and usually selects another branch of chemistry 


as aminor. He is required to select a field outside of 
chemistry as a minor, whether he has an “‘inside minor” 
or not. The “outside minor’ is usually a science or 
mathematics, but the choice is left almost entirely to 
the student. Minors in education and philosophy are 
not uncommon for chemists, and a few years ago a stu- 
dent selected English literature. Chemical engineers 
usually select mechanics or some branch of engineering. 

The minimum time in which a student can complete 
work for the Ph.D. degree is three years of two semes- 
ters each, but very few students finish the work in that 
length of time. Those who are assisting in the teach- 
ing of undergraduates, of course, must expect to stay 
longer. In addition, there are several pitfalls which 
often cause delays. For example, a student may not 
be considered to be in his ‘‘second year’’ until he has 
passed an examination in either German or French.‘ 
He may stay on and take courses, but he is making no 
progress toward the doctor’s degree. Similarly, he may 
not take his preliminary examinations and become a 
“third-year” student until he has completed all of his 
course work and passed the other language examina- 
tion. The final year is devoted entirely to thesis work. 

The preliminary examinations cover the major and 





4 Russian can now be presented in lieu of French. 
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minor subjects and are both written and oral. Each 
written examination requires three hours; only those 
who are successful in the written examinations may 
take the orals, which are given by a committee (usually 
five members) appointed by the Dean of the Graduate 
School. When a student’s thesis is completed it must 
be approved by this same committee, which also sub- 
jects him to an oral examination upon it. 

Most of the “third-year” graduate students and some 
of those who are not so far along hold fellowships or re- 
search assistantships, and can devote full time to their 
research work. The university offers a considerable 
number of graduate scholarships and fellowships, many 
of which are financed by the university itself. A sub- 
stantial number, however, have been presented by in- 
dustrial companies or other benefactors. 

In addition, there are numerous research assistant- 
ships, the money for which has been given to the uni- 
versity by outside agencies. These differ from fellow- 
ships in that the conditions of the grant place some 
limit upon the field of the recipient’s research. How- 
ever, the university will not accept grants which limit 
the student’s field too rigidly, for the work which is to 
be done must be fundamental in character and suitable 
for a Ph.D. thesis. The Graduate School has wisely 
been very strict in enforcement of this policy. 

One of the distinctive features of the Illinois organi- 
zation is the “Division of Organic Chemical Manufac- 
tures,”’ which was set up during World War I to supply 
much-needed chemicals for war research and industry. 
The actual laboratory work was done by graduate 
students working under the direction of the organic 
staff. The plan proved to be remarkably successful, 
not only in supplying chemicals but as a teaching tool, 
and it has been continued ever since. Most of the 
work is done during the summer months when labora- 
tory space is available and when the students can de- 
vote their full time to it. They are given credit for the 
course in “Organic Preparations” and are paid a small 
wage for their work. Only chemicals which are not 
readily available from commercial dealers are prepared, 
but these have found their way into laboratories in all 
parts of the country. 





TABLE 1 
Curriculum in Chemistry 
For the Degree of Bachelor of Science in Chemistry 
FIRST YEAR 


FIRST SEMESTER HOURS 


Chem. 8a—Inorganic Chemis- 
try and Qualitative Analysis. 


SECOND SEMESTER HOURS 


Chem. 8b—Inorganic Chemis- 
try and Qualitative Analysis. 5 


5 4 
German or French 
Rhet. 1—Rhetoric and Com- Rhet. 2—Rhetoric and Com- 
position 
Physical Education 
«Military Science (for men).... 


Hygiene 2 or 5—Hygiene and 
Sanitation 

Physical Education 

Military Science (for men).... 
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Milita 
Electi 


Tot 
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Chem 
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Chem 
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SECOND YEAR 

FIRST SEMESTER HOURS SECOND SEMESTER HOURS 

_ 24—Quantitative Analy- Chem. 34—Organic Chemistry 5 
Math. 8b—Integral Calculus. . 3 

Phys. 1b—General Physics.... 4 
Phys. 3b—Physics Laboratory 1 
Physical Education 
Military Science (for men).... 
Electives 


. la—General Physics... 
Phys. 3a—Physics Laboratory 
Physical Education 
Military Science (for men).... 
Electives 


THIRD YEAR . 
FIRST SEMESTER HOURS SECOND SEMESTER HOURS 
Chem. 36—Organic Chemistry 3 Chem. 42—Physical Chemistry 3 
Chem. 37—Organic Chemistry — 43—Physical Chemistry 
2 
Chem. 40—Physical Chemistry 3 
Chem. 41—Physical Chemistry 


Chem. 92—Chemical Literature 
Econ. 2—Elements of Eco- 


FOURTH YEAR 
FIRST SEMESTER HOURS SECOND SEMESTER 
Chem. 27-—Quanti'a i-e Analy- 
sis eee ee ee ee ee ee 
Chem. 95a—History of Chem- 


HOURS 


Electives* 


Total 


* Of the total electives for graduation, at least 21 should be from ad- 
vanced courses in chemistry and at least 10 hours from courses offered by 
other departments. 


TABLE 2 


Four-Year Curriculum in Chemical Engineering 
For the Degree of Bachelor of Science in Chemical 
Engineering 
FIRST YEAR 
FIRST SEMESTER HOURS 
Chem. 8a—Inorganic and Quali- 


tative Analysis 
Math. 10a—Freshman Mathe- 


SECOND SEMESTER HOURS 
Chem. 8b—Inorganic Chemis- 

try and Qualitative Analysis 5 
Math. 10b—Freshman Mathe- 

4 

German, French, or Russian... 4 
Rhet. 2—Rhetoric and Com- 

position 


German, French, or Russian. . . 
Rhet. 1—Rhetoric and Com- 


Physical Education 
Military Science (for men)... . Physical Education 


Military Science (for men)... 


TABLE 2 (Continued) 


SECOND YEAR 


SECOND SEMESTER HOURS 

Chem. 40—Physical Chemistry 3 
5 Chem. 41—Physical Chemistry 
Math. 8a—Differential Calculus 3 Lab 
Physics la—General Physics.. 4 Math. 8b—lIntegral Calculus. . 
sip 38a—Physics Labora- Physics 1b—General Physics. . 
Physics 3b—Physics Labora- 
tory 

Ch. E. 61—Stoichiometry. . 
T. A. M. 1—Analytical Me- 


FIRST SEMESTER HOURS 
Ome 24—Quantitative Analy- 


ing 
is Education 
Military Science (for men)... . 
Physical Education 
Military Science (for men)... . 


THIRD YEAR 


FIRST SEMESTER HOURS 

Chem. 34—Organic Chemistry 5 
Ch. E. 67—Measurements and 

Instrumentation Lab 2 
Ch. E. 70—Ch. E. Thermody- 


SECOND SEMESTER HOURS 


Chem. 36—Organic Chemistry 3 
oo 37—Organic Chemistry 


2 
Chem. 42—Physical Chemistry 3 
3 Ch. E. 71—Unit Operations. . + 
Ch. E. 72—Unit Operations 
Laboratory 
T. A. M. 63—Resistance of Ma- General Studies Elective*.... 
terials Laboratory 
General Studies Elective* 


FOURTH YEAR 
SECOND SEMESTER HOURS 


Ch. E.79—Projects Laboratory 2 
Ch. E. 66b—Inspection Trip... 1/2 
Ch. E. 81—Plant Design 3 
2 M. E. 61—Mechanical Engi- 
neering Lab 2 
E. E. 12—D. C. and A. C. Ap- 
ch. sa 66a—Inspection Trip... 3 
E. E. 11—D. C. and A. C. Cir- E. E. 62—D. C. and A. C. Ap- 
i paratus Lab 
Electivest 


FIRST SEMESTER HOURS 
Chem. 44a—Thermodynamics. 2 
Ch. E. 73—Unit Operations. . . 4 
% Pg 74—Unit Operations 


E. E. 61—D. C. and A. C. Cir- 
cuits Lab 
Electivest 


* These electives should be chosen from the Division of Humanities oF 
Social Sciences with the approval of the adviser. The courses should 
broaden the training of the engineer and provide an interest and liberal 
education in the field of economics, history, literature, philosophy, political 
science, or public speaking. 

+ Five hours of electives must be chosen, with the approval of the 
adviser, from advanced courses in chemical engineering, chemistry, 
physics, mathematics, or other closely allied subjects. 








Techniques Employed in Making Literature Searches For a Patent Department 
(Continued from page 549) 


vestigation is of great value when the whole field of 
activity is being reviewed. It gives a picture of the 
patent situation and industrial development in the 
field and shows potential competitors and their eco- 
nomic and patent position. Validity searches are made 
to gage the strength of a patent offered for sale or a 
patent blocking activity in a field of interest to the 
organization. Most exhaustive of all searches are 
those validity searches called for when court action 
has been taken on the infringement of a patent. ‘Here, 
as in the other cases, success may depend on the close 
cooperation of the two libraries with the patent de- 


partment, and millions of dollars may hinge on one 
reference in an obscure journal or an old foreign patent. 
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AN ISOTOPE FILE ON PUNCHED CARDS 


Lists or known isotopes and their properties are 
often useful to workers in nuclear chemistry and phys- 
ics. Tables, such as those of Seaborg,! are convenient 
but corrections and new data are not readily added. 
Charts’, * are preferable for some purposes but they 
also are difficult to revise and, moreover, become 
quite complex when all pertinent information is in- 
cluded. Punched cards ‘; 5; © of the Keysort type 
appear to be adaptable for an isotope file and seem to 
offer certain advantages over other methods for this 


purpose. 
The one about to be described is kept on standard 





1 Seasora, G. T., Rev. Modern Phys., 16, 1 (1944). 

2 Kunpu, D. N., anp M. L. Poot, Phys. Rev., 72, 101 (1947). 

3 SPENCER, H. M., J. Coem. Epuc., 24, 19 (1947). 

4 Cox, G. J., C. F. Battey, anp R.S. Cassy, Chem. Eng. News, 
23, 1623 (1945). 

5 Casry, R.S., C. F. Barney, anp.G. J. Cox, J. Cuem. Epuc., 
23, 495 (1946). 

6 Cox, G. J., R. S. Casgy, ann C. F. Barney, ibid., 24, 65 
(1947). 


GEORGE M. MURPHY 
Yale University, New Haven, Connecticut 


5 xX 8-inch ‘Rocket’ cards, obtainable from the 
Charles R. Hadley: Co.,’Los Angeles, California. One 
card is used for each isotope and, where isomeric 
states occur, each of these is placed on a separate card, 
The main part of the card contains as much of the 
following information as is* available or applicable: 
(1) atomic number, symbol, and mass number; (2) 
exact mass on the physical scale; (3) relative abun- 
dance; (4) half life; (5) nuclear spin; (6) magnetic 
moment; (7) mode of decay with energy of radiation 
or particles emitted in m.e.v.; (8) nuclear reactions 
producing the isotope; (9) immediate precursor and 
descendant. The cards are large enough to contain 
all of this information without being overcrowded. To 
simplify the typing, no Greek letters are used (7. e., b 
for betas, g for gammas, etc.). A typical card, which 
should be self-explanatory, isshown in Figure 1. Letter- 
number combinations on it refer to papers in the litera- 
ture. 

The file was started by typing the preceding in- 
formation from Seaborg’s table! and from the fission 
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product report of the Plutonium Project.7 Subsequent 
data were added from the journals since 1944 with the 
corresponding references. It was also found con- 
venient to make a separate card for the neutron and 
for each of the 96 known chemical elements. These 
contain the latest chemical atomic weight and the 
relative abundance of the naturally occurring isotopes. 

A simple method of coding the cards is used. Mass 
and atomic numbers are indicated by punching out the 
requisite number of holes: 12 and 8, respectively, 
being allotted for this purpose. One hole each is as- 
signed to the properties listed as items (1), (2), (3), 
(5), and (6) of a preceding paragraph. One hole each 
is also used to designate the element card, a stable 
isotope, a naturally radioactive one, an artifically radio- 
active isotope, occurrence in fission and fission yield. 
Thus it is a relatively simple matter to withdraw from 
the file the cards showing all isotopes for which the 
nuclear spin has been determined or for the other prop- 
erties mentioned. : 

The half life of the isotope is indicated by punching 
one of seven holes representing times less than 1 sec., 
| min., 1 hour, 1 day, 1 year; more than 1 year; more 
than 10 years. The type of decay requires nine holes 
for: alphas, betas, positrons, internal conversion elec- 
trons, gammas, isomeric transitions, K capture, neu- 
trons, and X-rays. The nuclear reactions producing 
the isotope are coded in two parts: one for the bom- 
barding projectile and one for the particles ejected. 
The former now requires seven holes for alphas, deu- 


terons, electrons, gammas, neutrons, protons, and 


tritons. For the latter, in addition to these seven, one 
further hole is needed for He’, recently detected.? 
Since two or more particles are often released in a 
given reaction, it is well to provide holes for two neu- 
trons, two protons, etc. This enables one to distin- 
guish, for example, between (d-p), (d-2p) and (d-p,2n) 
reactions although more than one sorting is required to 
withdraw the appropriate cards from the file. 

Reference to Figure 1 will show how the coded in- 
formation appears on a card. Starting with the upper 
right-hand corner and going around in a counter- 
clockwise direction, the numbered punches indicate 
the following: (1) exact mass known; (11) life time 


less than an hour; (17, 18, 21) mass number; (29) 


artificially radioactive; (32) positron emitter; (34) 
gamma rays emitted’; (55, 59, 60, 67) particles ejected 
gammas, one neutron, two neutrons, fritons; (76-80) 
produced by bombardment with alphas, deuterons, 
gammas, neutrons or protons; (87) atomic number. 

The file in its present state contains about 950 cards. 





7 Plutonium Project, J. Am. Chem. Soc., 68, 2411 (1946). 

8 Although the most recent results indicate that no gammas are 
emitted in this particular case, the corresponding hole has been 
punched because of the earlier data. Corrections like this, as 
well as others, will certainly have to be made from time to time. 
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The simplest way of keeping it up to date seems to be 
with Chemical Abstracts from which the necessary en- 
tries can be made in about an hour, twice a month, 
unless original papers must be consulted. For the 
uses intended, the file has been found to be highly 
satisfactory. Those who are interested in other nu- 
clear properties omitted here, cross sections for example, 
could readily add such information to the cards. More 
complex types of coding might also be desired by some 
and these could be devised with no difficulty. One 
of the main advantages of the file is that it can be 
modified easily for application to special needs in 
nuclear studies. 


a Sci Essential to Modern Research 





Glass Blowing 


Reaching new heights of complexity, glass blowing has become an engi- 
neering science without which today’s huge research laboratories could 
scarcely operate. Providing in cheapest and most quickly fabricated forms 
the multi-varied shapes required for scientific experimentation, glass today 
can do things metal cannot. Its adaptability enables it to be formed into 
bellows, drawn with vacuums of one-ten-millionth of an atmosphere, welded 
to metal, and fitted with pumps and moving parts as elaborate as mechanical 
devices. To become an accomplished modern glass technician requires 
many years of experience. ‘‘After he’s blown his first ton of glass, a beginner 
starts to get the idea,’’ says W. E. Barr, shop superintendent of the Gulf 
Research & Development Company. 





SCIENCE IN THE CANNING AND ALLIED 
INDUSTRIES 


Wauuz, As compared with certain other industries, 
the total number of laboratories serving the canning 
and can manufacturing industries may not be con- 
sidered large, it is believed that few industries require 
greater diversity of technical activities.. The problems 
of food packaging and processing today encompass all 
branches of chemistry, such as analytical, inorganic, 
organic, food chemistry, and other highly specialized 
fields, specifically resin and rubber chemistry. Ag- 
ricultural science and nutrition, during the past 15 
years, have also acquired considerable importance, as 
have certain of the engineering sciences. As com- 
parative newcomers to the field may be listed library 
science and the science of industrial hygiene. Of all 
of the sciences, however, the first to find practical ap- 
plication in the canning industry was bacteriology. 


BACTERIOLOGY 


Although the pressure cooker for the sterilization of 
canned foods was patented in 1874, in the early 1890’s 
the canning of foods was a highly adventurous business. 
The identical canning operations which were normally 
successful would, in certain years, completely fail and 
cause serious economic losses. Through the work of 
Pasteur the basis of the modern science of bacteriology 
had been laid between 1860 and 1870, but it was not 
until the late 1890’s that Russell of the University of 
Wisconsin and Prescott and Underwood of the Massa- 
chusetts Institute of Technology demonstrated by 
their work the causes of “swell” spoilage and pointed 
toward means for its control (8). In 1912, Barlow of 
the University of Illinois reported the causes of “flat 
sour spoilage,” that insidious type of canned food 
spoilage which is not manifested by swelling of the con- 
tainer. While these discoveries went far toward 
better control of heat sterilization in canned foods, it 
remained for the well-known botulism outbreaks of 
more than 25 years ago to provide the stimulus for 
placing heat processing on a sound scientific basis. 

Although Clostridium botulinum had been isolated 
years before and botulism, the dread form of food in- 
toxication due to its toxin, clearly recognized, little 
was known of the characteristics of this organism, 
particularly the resistance of its spores to heat. The 
outbreaks of botulism in tommercially processed canned 
foods led directly to the classical researches of Esty and 
Meyer; Geiger, Dickson, and Meyer; Schoenholz and 
Meyer; Tanner and Twohey of the University of 
Illinois, and others (13, 15, 26, 27). The work of 
these investigators, as well as studies by others attracted 
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American Can Company, Maywood, Illinois 


to the field, led to the establishment of the nutritive 
habits of this deadly organism and its resistance to 
heat. These findings made in the science of bacteriol- 
ogy, coupled with contributions made by the physical 
chemist through study of heat transfer and conduction 
in canned foods, ultimately made it possible for C. 0, 
Ball, W. D. Bigelow, and others to develop the mod- 
ern method for establishing safe heat-processing sched- 
ules for all types of commercially canned foods (4, 4). 
The Ball method of process determination permits 
calculation of the heat process necessary for destruction 
of the spores of Clostridium botulinum in nonacid prod- 
ucts as well as the spores of other heat resistant organ- 
isms capable of causing food spoilage. The calculation 
of such processes has been further simplified by the 
nomograms devised for this purpose by Olson and 
Stevens in this laboratory (24). 

While the control of botulism has been one out- 
standing contribution of the science of bacteriology to 
the canning industry, bacteriologists associated with the 
industry have now created a specialized division of 
that science. Over the past 15 years, a large volume of 
data has been accumulated and reported by Cameron 
and Esty (11) on many types of organisms capable of 
causing canned food spoilage. Such data have been 
reflected in the recommended process schedules issued 
by the National Canners Association, as Bulletin 26-L, 
designed not only to protect the health of the consumer 
but also to reduce waste through food spoilage. 


CHEMISTRY 


The applications of the various branches of chemistry 
in the canning and allied industries have been legion. 
In the early work of laboratories associated with the 
industry, inorganic and analytical chemistry were the 
major branches applied, since the early projects were 
primarily in connection with manufacturing problems 
involving inorganic materials. Physical chemistry 
assumed a prominent role in the development of scien- 
tific processing, since it was by physical chemical tech- 
niques that the necessary information on the heating 
method and rates of canned foods was measured. 

Organic chemistry has found its chief application in 
the development and improvement of inside and out- 
side can enamels which are based primarily on natural, 
or as is frequently the case today, synthetic resins. 
The first widespread commercial use of enamels de- 
signed to improve the quality of sulfur-bearing products 
such as corn and peas came in the early 1920’s. The 
successful experience with this type enamel, known in 
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the industry as “‘C”’ enamel, led to the development of 
the varied types of enamels which today are applied to 
improve product quality or reduce inside can corrosion. 
Analytical chemistry remains today an important tool 
within the industry. Work in this field has been 
greatly enhanced through application of newer tech- 
niques (1, 2, 9). 

Food chemists and food technologists have been 
alert to existing problems in the canning industry and 
have played no minor role in improving the flavor, 
preserving the color, and improving the over-all quality 
of canned foods. These influences have been so great 
that it becomes embarrassing to select even a few of the 
outstanding advances. Work such as that of Bigelow 
and Fitzgerald (6) of the National Canners Association 
Laboratory some 30 years ago, wherein they developed 
procedures for accurate control of solids and fat in 
evaporated milk, possibly pointed the way for similar 
controls in many other canned products. As an out- 
standing example of food chemistry in the improve- 
ment of quality in canned products might be cited 
another contribution of the National Canners Associa- 
tion. For many years it had been known that some 


vegetables are toughened by hard water employed in 
various steps in the canning operation. It was not 
until 1923, however, that Bigelow and Stevenson (7) 
showed how this condition could be corrected by ade- 
quate control of the hardness of water. 

Much improvement has been made in recent years 


in the flavor of canned fruit and vegetable juices which 
only a short time ago were unknown as a commercial 
canned commodity. The success of these improve- 
ments are too voluminous to record here, but have 
been thoroughly reviewed by Lueck and Pilcher (2/) 
Reister, Braun, and Pearce (25), and Graham (16). 
The protection of natural green pigment in the canning 
of peas by the Blair Process through controlling the 
pH during canning must be listed as an outstanding 
example of the direct application of food chemistry to 
improvement of color in canned foods (10). 

As Newton has pointed out, because of high tem- 
peratures necessary for sterilization, meat canning was 
at one time considered most difficult. The high tem- 
peratures caused shrinkage with loss of meat juices 
which had an adverse effect on yield and nutritive 
quality. Now improved methods of curing, commi- 
nuting and processing allow sterilization without 
excess cooking shrink. Similarly, through food chem- 
istry and food technology (23), fats and oils can be 
brought to the consumer without evidence of rancidity. 


METALLURGY 


Prior to 1930, “‘tin plate was tin plate’’ and losses of 
canned food due to corrosion of the container were more 
or less accepted as one of the hazards of the canning 
business. Apart from one investigation on the possible 
influence of tin coating on sulfide black in corn, little 
attention had been given to improving the corrosion 
resistance of tin plate. The packing of certain prod- 
ucts was considered definitely hazardous. Packers 
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of sauerkraut were supplied tin containers with the 
understanding that they proceeded at their own risk. 
Products such as red cherries frequently could be held 
only six months before the cans were perforated or 
swells developed due to the production of hydrogen 
within the container (20). Some of the older packers 
regarded the development of these swells as a perfectly 
natural condition and in a few instances ascribed it to 
the sprouting of the pits within the cans since at that 
time the practice of removing pits was not followed. 

As frequently is the case, severe failure of a product 
leads to its improvement. Between the years 1928 
and 1930, serious corrosion losses in some California 
fruit packs brought about an exhaustive comparison 
of the tin plate in the cans which had failed and that 
in the cans which had given satisfactory performance. 
This scrutiny led to the discovery that certain ele- 
ments present in the steel base plate adversely affected 
the resistance of tin plate to interior corrosion by food 
products. Also, about that time the steel industry 
introduced the cold reduction method of manufacturing 
sheets primarily for the benefit of the rapidly expanding 
automobile industry which required a steel capable of 
being worked into the forms required in automobile 
body manufacture. Such a steel is distinctly lower in 
its content of residual elements than the hot reduced 
steel formerly used in the manufacture of tin plate. 

Eventually, largely through the efforts of Lueck, 
Clark, Van Vleet, Hartwell, and their associates in 
cooperation with the steel manufacturers, the new type 
of corrosion resistant, cold reduced tin plate has steadily 
come into use for all canned food products (18). Chemi- 
cal and physical specifications for tin plate have now 
been developed as a result of these studies which make 
it possible for all can manufacturers to produce the 
best type of tin container for the particular food prod- 
uct or products involved. Likewise, a rapid method of 
predicting the service life of tin plate was devised by 
Vaurio, Clark and Lueck which now serves as a control 
mechanism to insure the proper application of tin 
plate (28). 

No discussion of the contributions of metallurgy to 
the canning industry would be complete without men- 
tion of the part this science played during the tin con- 
servation program followed in the recent war. As has 
been widely recognized, loss of imports from the major 
tin-producing areas of the Far East through Japanese 
aggression early in 1942 made necessary drastic re- 
duction in the consumption of tin for tin plate. Under 
War Production Board Order M-81 issued in February, 
1942, and its various amendments, the type of con- 
tainer and sometimes the extent of production was 
specified for all canned foods. This series of Orders 
M-81 was based upon the experimental findings of a 
committee on tin conservation composed of representa- 
tives of all can manufacturers. As early as 1940 this 
group had recognized the probable necessity of tin 
conservation and in cooperation with the Quarter- 
master General and the National Canners Association 
instituted experiments to determine substitutes for the 
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type of tin plate widely used before the War. The 
success of this experimental work upon which the 
various conditions of Order M-81 were based has been 
elsewhere described (3). Briefly summarized, how- 
ever, it may be stated that it was largely through the 
cooperative work of this group that the demand for 
tin containers for our armed forces, allies and civilian 
populus were completely met during the War. While 
the science of metallurgy has made other contributions 
to the canning industry, those described above are to 
date to be considered the most outstanding. 


NUTRITION 


The first application of the science of nutrition to 
canned foods and canned food products was made by 
E. F. Kohman of the National Canners Association 
in cooperation with W. H. Eddy of Columbia Univer- 
sity. The studies of Kohman and Eddy on the nu- 
tritive values of canned foods between 1923 and 1937 are 
too well known to require description here (19). The 
increasing public consciousness of nutrition and recog- 
nition by canners of the need for improving the nu- 
tritive quality of canned foods led to the establishment 
of our Nutrition Laboratory in 1930. Since that date 
many other processors and suppliers have included this 
type of research with their other technical activities. 
These laboratories have contributed materially to 
knowledge of vitamin content and nutritive compo- 
sition of canned foods, the specific influence of canning 
operations on vitamins in foods and the effects of new 
processing techniques on nutrients in raw canning 
stocks (14, 12, 17). 

In 1942, under the impetus of wartime necessity for 
more specific information on the nutritive values of 
canned foods, the current National Canners Associa- 
tion and Can Manufacturers Institute Program was 
begun under the guidance of scientists trained in nu- 
trition from the various types of laboratories (22). This 
program, now entering into its 5th year, has been 
carried out largely through the cooperation of institu- 
tional laboratories and has materially increased knowl- 
edge as to the contributions which canned foods make 
toward nutrition of the American public. 


INDUSTRIAL HYGIENE 


The science of industrial hygiene is the latest to be 
added to the operations of the canning and can-manu- 
facturing industries. In this Company the work of 
the industrial hygiene personnel entails continuous 
research on materials and procedures employed or 
projected for fabrication of metal and fiber containers 
and has a twofold purpose of guarding the health of 
factory workers as well as the application of the basic 
rule that no materials objectionable to public health 
officials shall exist in finished containers. Such work 
involves studies of a wide variety of materials such as 
inks, pigments, waxes, trace elements and other 
materials. . 

The author gratefully acknowledges the assistance of 
R. W. Pilcher, E. D. Sallee, and J. A. Stewart for 
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technical suggestions offered during the writing of this 
paper and that of Miss Jean McCallen in the prepara- 
tion of the manuscript. 
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NOTES ON THE WATER-JET AIR BLAST 


WILHELM PRANDTL 


University of Munich 


(Translated by Ralph E. Oesper, University of Cincinnati) 


Ir, PERCHANCE, a student who was using a water-jet 
air blast in the chemical laboratory should be asked, 
“When was this instrument invented and by whom?” 
he would probably reply, if at all, “It might have been 
Bunsen, sometime in the previous century.” The 
answer would be incorrect; the apparatus came down 
from ancient times and its inventor is not known. More 
than 300 years ago, particularly in Italy, it was widely 
used, in part for physical playthings, and partly in 
metallurgical works. It was not brought into chemical 
laboratories until the second half of the 19th century. 
There is no mention of this blowing device, for instance, 
by Berzelius in his monumental Lehrbuch der Chemie. 

The principle of the water-jet or water-drum air blast 
is as follows: A jet of water falling through a pipe sucks 
in air and carries the latter with it. The mixture of 
water and air is not allowed to run off freely, as in the 
familiar water aspirator or filter pump, but flows into a 
closed container. The water and air separate in this 
drum; the water flows out through a lower opening, 
that can be regulated, and the blast of air issues through 
an upper orifice. 

Vitruvius, architect and engineer to the Roman 
emperor Augustus (reigned 30-14 B.c.) described, 
though somewhat hazily, a water-organ that probably 
was actuated by a water-jet blast. The invention was 
forgotten in the centuries that followed. There is no 
mention of it in any of the noted books that describe 
so fully, by word and sketch, the chemical and metal- 
lurgical practices of the 16th century. For instance, 
Vanoccio Biringuccio in his Pirotechnia (Venice 1540), 
Georg Agricola in his De re metallica (Basel.1556), and 
Andreas Libavius in the Commentaries to his Alchymia 





Figure 1 


Figure 2 


(Frankfurt a.M. 1606) describe only the ancient bellows. 
Not until the early years of the 17th century is there 
again mention of water-blown organs? The first de- 
scription is given by the inventive French engineer, 
Solomon de Caus (d. cirea 1635), who also proposed to 
propel ships by steam. In Italy, the learned Jesuit, 
Athanasius Kircher (1602-1680), a native German from 
Thuringia, was the first, in his Musurgia, to describe 
water-organs. In 1649, he received a commission from 
Innocent X to build a water-organ for the papal garden 
at the Quirinal palace. Such amusement devices were 
installed in the gardens of many of the Italian nobility 
for the entertainment of guests. Descriptions of these 
organs, etc., are given by Kircher’s fellow Jesuit, P. 
Gaspar Schott, who was professor of physics and mathe- 
matics in the Jesuit Academy at Wiirzburg. The ac- 
counts, written from his personal inspection of these 
devices, are given in his Mechanica Hydraulico-pneu- 
matica (Wiirzburg, 1657). 
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The three sketches (Figure 1) taken from this work 
are so obvious that no detailed discussion of them is 
needed. In the first, the spiral inlet tube for the water- 
air mixture delivers its burden against a polished mar- 
ble plate. In the second, a set of perforated plates 
improves the separation of the water from the air, and 
the water drops carried along with the air are then re- 
moved by passing the mist through a spiral. Schott did 
not approve of the third design. The receptacles for the 
water-air mixtures were made of burnt clay. They were 
fairly large—about 5 feet high and 3 feet across. The 
issuing air was vented into wind chests and then sent 
through organ pipes, artificial singing birds, etc. 

Water-jet blowing engines were not used solely for 
amusement purposes; they were also employed for 
technical processes, especially for blowing fires in metal- 
lurgical operations. Figures 2 and 3 which illustrate 
such uses need no discussion. The sketches are taken 
from “Pratica Minerale Trattato, del March. Marco 
Antonio della Fratta et Montalbano” (Bologna, 1678). 
It is worth noting that these devices were constructed 
entirely of wood. 

Small-scale brass or glass adaptations of these in- 
genious machines for supplying compressed air were 
eventually installed in chemical laboratories and served 
their purpose quite satisfactorily. They have now been 
mostly supplanted by motor-driven blowers. 


Figure 3 
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THE EMPIRICAL FORMULA 
FOR POLYSACCHARIDES 


KENNETH E. WRIGHT 


Smith College, Northampton, 
Massachusetts 


Ass « reacuer of plant physiology the writer has 
occasionally been somewhat embarassed by the reaction 
of his students when informing them that their method 
of designating the empirical formula of a polysaccha- 
ride as used in their chemistry courses is open to serious 
question. It is then a case of a teacher being wrong— 
either the botanist or the chemist—which is a bad 
situation from the viewpoints of both teachers and 
pupils. 

The customary empirical formula for polysaccharides 
in texts and in classroom use is (CgHOs), or (CigHay- 
Ow), depending upon whether monosaccharides or 
disaccharides constitute the units which are linked. 
The hydrolysis of a polysaccharide quite commonly is 
given as follows: 


(CsHwOs)2 + 2H20 — 2CeHi20¢ 


Neither of these generalized representations is correct 
in the light of our present knowledge. 

The chemistry of such polysaccharides as starch, 
glycogen, cellulose, and inulin may be obscure in several 
particulars, but it is fairly well established that they 
are condensation products of monosaccharides, formed 
from them by the loss of water and resulting in a chain 
compound. If a chain, then the number of linkages 
between the monosaccharides or disaccharides forming 
the chain must be one less than the units in that chain. 

If in (CeHwO;), the value of z is taken as 2, then 
C12H2019 becomes the formula of a disaccharide instead 
of CyH2O0. The first-mentioned formula is in error 
by HOH. The same reasoning would apply to any 
chain compound whether the value of x be 2 or 200. 
A correct empirical designation would be represented as 
(CeHwOs), HOH. 

In the generalized equation for the hydrolysis of a 
polysaccharide as given previously the equation bal- 
ances. However, there cannot be as many molecules 
of water involved in the hydrolysis as there are units 
in thechain. Theremustbeoneless. The generalized 
equation should be as follows: 


(CeH0s)-HOH + (2 — 1) H20 + 2CcHi0¢ 


The points made in this paper may be interpreted 
by many as quibbling, and, therefore, not worthy of 
consideration. But if simplification is necessary, then 
from the viewpoints of classroom morale and exactness 
in our sciences it seerns worth while that we should be 
more careful in our generalizations. 
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Tue pererMination of molecular weights in solution 
from the elevation in the boiling point is a suitable 
laboratory exercise for the course in General Chemistry. 
The rather poor results by employing the usual pro- 
cedures with simplified apparatus to be found in the 
laboratory set dissipate the value of the exercise. The 
same difficulties were encountered earlier in the precision 
determination of molecular weights. These were elimi- 
nated by the arrangement of Cottrell for pumping the 
solution over the bulb of the Beckmann thermometer. 
An adaptation of this principle, sufficiently simple in 
construction so that it may be constructed by students 
in General Chemistry, has been devised in this labora- 
tory and used for several years. It secures perfect con- 
staney of boiling point within the limit of accuracy of 
reading of the thermometer employed, approximately 
0.19C. 

The pump is made from a piece of 6-mm. glass tubing. 
One end of this is collapsed in the flame and blown out 
to form a bulb with very thin walls. The bulb is crushed 
and the flared end is fire-polished. A bend about 30° 
from the vertical is made at a distance of 3 in. from the 
flared end. The tube is then cut off close to the bend. 
When this pump is placed in a test tube with the 





they 
rmed 
chain 
cages 
ming 
ain. 
then 
tead 
eTTOr 
any 
200. 
ad as 


of a 
bal- 
ules 
inits 
‘ized 


eted 
y of 
shen 
ness 
1 be 





flared end covering the bottom of the tube and the sol- 
vent brought to boiling, a stream of liquid is directed 
against the bulb of the thermometer which is suspended 
above the surface of the liquid. Thus, a film of boiling 
liquid, in equilibrium with its own vapor at atmos- 
pheric pressure, is brought in contact with the ther- 
mometer. 

The whole assembly is shown in Figure 1. A7 X 7/s- 
in. test tube is fitted with a No. 3 two-hole stopper 
carrying an ordinary 110° thermometer, graduated in 
degrees, and an 18-in. length of glass tubing to serve as 
an air condenser. The boiling rate is controlled by the 
position of the burner under the gauze, the heat being 
transferred by metallic conduction to the test tube. The 
proper rate can be ascertained by varying the distance 
from the heated spot to the tube until a steady flow of 
liquid issues from the pump but without sufficient 
condensation to close off the condenser to the atmos- 
phere. Once adjusted, the boiling continues at a con- 
stant rate indefinitely without measurable fluctuation 
in temperature. 

The solvent consists of 15 ml. (23.92 grams) of carbon 
tetrachloride, chosen because of its noninflammable 
character. A sample of 3 grams of solute, weighed to 
the nearest centigram, gives an elevation of such mag- 
nitude as to be accurately measured. 


BOILING POINT ELEVATION AS AN 
EXPERIMENT IN GENERAL CHEMISTRY 





CREIG S. HOYT 
Grove City College, Grove City, Pennsylvania 
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Figure 1 


The value of the boiling point constant was taken 
from the work of Hoyt and Fink! and was corrected for 
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1 Hoyt anv Fink, J. Phys. Chem., 41, 453 (1937). 
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barometric variation by their equation. This value for 
carbon tetrachloride is 5.03 at a pressure of 760 mm. 
and the correction is 0.0013 per mm. difference in baro- 
metric pressure. 


The data in Table 1 was taken from the work of a 
class of 215 students, of which 203 were taken as having 
such accuracy as to serve as a measure of the precision 
of the method. 
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TABLE 1 


Deviation 

Molecular Weight 

Correct Mi Min. 
122.0 
142.6 
227.5 
142.1 
225 


Solute dents 
Naphthalene 48 
Camphor 36 152.13 
p-Dibrombenzene 21 ‘ 235.86 

Dichlorbenzene 54 f 146.95 
enzoic Acid 44 244.10 


128.06 





We thank Dr. Carl K. Fink who prepared the illus- 
tration. 


A SODIUM ATOM MODEL FOR LECTURE DEMONSTRATION 


Tue BEGINNING chemistry student often gains an 
erroneous, if not to say bizarre, impression of atomic 
structure from the conventional two dimensional, 
concentric circle diagrams given in most texts. A rea- 
sonably accurate three-dimensional model of one of the 
lighter atoms would greatly assist the visualization of 
the modern concept of the atom. Such a model for high- 
school instruction has recently been described.! At the 
college level, however, it should be possible to present 
the students with a more complete and more accurate 
model. 

It is obviously impossible, and also highly undesirable 
from the point of view of the teacher of beginning chem- 
istry, to construct a physical model embodying the 
complete quantum mechanical theory of atomic struc- 
ture. However the Bohr-Sommerfeld theory does lend 
itself well to the construction of scale models of the 
simpler atoms. While not strictly rigorous this model 
does show as many of the theoretical concepts as the 
beginning student can readily understand. 

The model shown in the figure was constructed using 
the fundamental equations of the Bohr-Sommerfeld 
treatment.? The sodium atom was selected since it is 
large enough to illustrate all of the important features 
and yet is small enough to avoid complexity. The K 
orbit is a circle of four inch diameter. The L orbits are 
three circles of 16 inch diameter and one ellipse of 16 
inch major axis and eight inch minor axis. These orbits 
were made of */3. inch steel wire. The M orbit is an 
ellipse of 36 inch major axis and 12 inch minor axis 
constructed of */:, inch brass rod. The electrons were 
made of one-half inch brass rod, two inches long, ma- 
chined to a gradual taper from the full size down to the 
size of the central hole for the wire orbits. Two elec- 
trons were mounted on each orbit, except for the last. 
This was considered the most satisfactory arrangement 
since there is no method of representing the difference 


1 Brooks, W. O., Tuis JOURNAL, 24, 245 (1947). 

2 Pautine, L., anp E. B. Witson, Jr., “Introduction to 
Quantum Mechanics,”’ McGraw-Hill Book Company, New York, 
1936, pp. 38-47. 
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Sodium Atom Model 


in the spin of the electrons and since a larger number of 
orbits would reduce the clarity of the model. The 
electrons and the part of the orbits nearest the “tail” 
of the electrons were painted white, while the rest of 
the orbit is black with dashes of white. The tapered 
shape of the electron and the painted orbit convey some 
idea of motion. On the above scale the nucleus should 
be of the order of 0.0001 inch in diameter but was made 
a one-inch sphere, painted red and white for reasonable 
visibility. The orbits were soldered to a wire cross piece 
which is painted black and passes through the nucleus. 
The spatial orientation of the orbits was based on purely 
esthetic considerations. 

When accompanied by some explanatory remarks 
in the lecture about the actual size of the nucleus, the 
nature of electrons, and the dynamic nature of the whole 
system, this model has been quite successful in our 
general chemistry lectures. It has apparently stimu- 
lated some thinking on the part of the students and has 
given rise to a large number of interesting questions. 

The author would like to gratefully acknowledge the 
assistance of Mr. O. A. Talliaferro who constructed the 
model and Mr. Richard Livesay who photographed it. 





QUANTITATIVE RESULTS OF VOLUMETRIC 
ANALYSIS—A GRAPHIC PROCEDURE’ 


‘Mocu or the tedious work of quantitative analysis 
may be eliminated by utilizing a simple one-line or two- 
line graph. The graphic procedure is based on the rela- 
tive strengths of the reagents and has been adapted to 
various analyses. Since it was developed and used 
extensively in the laboratory for determining the salt 
content of cheese, it will be illustrated i in terms of this 
application. . 


OFFICIAL METHOD 


Briefly, in the official method “‘Volhard” (7), a stand- 
ard silver nitrate solution is added, in excess, to the 
weighed sample of cheese. After digestion with potas- 
sium permanganate and nitric acid to oxidize the organic 
matter, the excess of silver nitrate is titrated with stand- 
ard thiocyanate solution using ferric alum as the indi- 
cator. The weight of sample and the strength of silver 
nitrate solution suffice to provide an excess. The es- 
sential reactions are: 

NaCl + AgNO; = AgCl + NaNO; 

AgNO; + NH.CNS = AgCNS + NH.NO; 

NH,CNS + Fett+t+ -» Red Color* 

The silver nitrate and thiocyanate solutions must be 
standardized using a chloride, usually sodium chloride, 
as the ultimate standard. Ordinarily this is done in 
terms of normality factors which are then employed in 
making the necessary calculations. 

In the graphic procedure, sodium chloride is used as 
the ultimate standard as before, but the standardization 
is not reduced to normality factors. 


TWO—LINE GRAPH 


The first step is to establish the graph showing the 
relative strength of the silver nitrate and thiocyanate 
solutions. Since 10 ml. of silver nitrate solution are to 
be used in subsequent tests, the graph, as shown in Fig- 
ure 1, is laid out on the basis of 10 ml. of silver nitrate. 
Let it be assumed that in titrating 10 ml. of silver nitrate 
with the thiocyanate solution, using ferric alum as the 
indicator, 9.5 ml. thiocyanate solution were required 
(Point A). This serves to locate line A-B which shows 
the volume of thiocyanate equivalent to any volume of 
silver nitrate from 0 to 10 ml. 

The second step is to establish the graph showing the 
amount of silver nitrate in solution in relation to the 





1 This paper was presented at the meeting of the American 
Dairy Science Association, Guelph, Ontario, June 25, 1947. 

* The red color may be due to the formation of a complex 
salt, ferric ferrithiocyanate (FeFe(CNS).)=. 


W. I. TRETSVEN 
Chicago, Illinois 


ultimate standard, sodium chloride. To either 5 mg. 
sodium chloride or a volume of solution containing 5 
mg. sodium chloride, add 10 ml. silver nitrate solution 
(an excess) and titrate the excess with the thiocyanate 
solution, using ferric alum as the indicator. Assuming 
that 1.9 ml. of thiocyanate were required for this titra- 
tion, then from line A-B it is seen that 1.9 ml. thiocyan- 
ate solution is equivalent to 2.0 ml. of the silver nitrate 
solution. In other words, of the 10 ml. of silver nitrate 
solution employed with the 5 mg. sodium chloride, 2.0 
ml. represents an excess and 8.0 ml. were used to react 
with the 5 mg. of sodium chloride (Point C). This 
serves to locate line C-D which shows the relationship 
between the mg. sodium chloride and the volume of 
silver nitrate solution. 


USE OF THE TWO-LINE GRAPH 


Figure I may be used to analyze a sample for its 
chloride content. A suitable weight of sample is treated 
with 10 ml. of silver nitrate solution. (In the case 
of cheese, potassium permanganate and nitric acid are 
added to oxidize the organic matter.) Thexcess silver 
nitrate is titrated with thiocyanate using ferric alum 
as the indicator. Assume that 7.5 ml. of thiocyanate 
solution were required for this titration. The graph 
having been established for 10 ml. silver nitrate solu- 


tion, the titer with thiocyanate solution is translated to 
(Continued on page 572) 
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To the Editor: 

This is from a chemical engineer now engaged in 
teaching chemistry at one of the New York state 
technical institutes. I have just read the article by 
Walter J. Murphy, in the August number, with its 
very keen and thoughful discussion of the manifold 
problems of education in general, and chemical educa- 
tion in particular. I agree with the author heartily in 


regard to broadening the training. Overspecialization 
is the curse of our age. 

However, I should like to suggest some additional 
aspects of the problem of education, which I believe 
ought to be considered also. 

(1) I have been a college teacher, and I have been 


convinced for a long time that too many people go to 
college—or rather, that the usual professional chemical 
or engineering training is not suited to most students 
who enter upon it. I am not now concerned with the 
cause of this situation, but I think you will agree that 
itisafact. If the training could be restricted to those 
really suited to it, it would put many of our colleges 
out of business. This alone is one reason why a con- 
structive attack on the problem is not likely to come 
from the colleges. 

I venture to suggest that one possible answer to the 
problem may lie in the expansion of the technical in- 
stitutes with their emphasis on satisfying the voca- 
tional urge. This is a long-term proposition and is tied 
in with the matters of (a) eliminating the current fal- 
lacy that college education is essential to “success” 
(whatever that may be), and (b) making higher educa- 
tion somewhat more flexible so that students who do 
try to satisfy the vocational urge may later, when 
more mature and better able to profit by it, con- 
tinue their education. 

(2) When the present abnormal demand for college 
entrance subsides, the colleges might well give thought 
to the matter of evaluating citizenship of those whom 
it accepts and graduates. Among the students I 
knew in college were some who had fairly good aca- 
demic records but who were not intellectually honest and 
who could not therefore be entirely trusted. The ex- 
treme case of this is of course Dr. Goebbels, a very 
highly “‘educated’’ man. Perhaps I am guilty here of 
a bit of blowing my own horn in boosting my own type 
of school. I am, however, willing to let you, or any 


one else be the judge of whether we have a real con- 
tribution to make to the total picture. Technical 
institutes are not widely known, and so you may not 
know of their functions, now being greatly expanded in 
New York state. If you are interested I should be 
glad to see that you are furnished full information. I 
do think, however, that it is high time that the colleges’ 
attitude toward educational improvement was more 
carefully examined, as real reform is against their own 
self-interest. More is needed than a change in the 
list of the subjects on the curriculum. [I also feel that 
education, like religion, is everybody’s business. 


WituraM K. VIERtTEeL 


New York State AGRICULTURAL AND 
TECHNICAL INSTITUTE 


Canton, New YorxK 





To the Editor: 

The calculation of the central angle of the regular 
tetrahedron (THIs JOURNAL, 24, 246 (1947)) can also 
be made in this simple way. A well-known theorem of 
solid geometry states that in any tetrahedron the 
straight lines joining the vertices to the centroids of the 
opposite faces are concurrent and cut one another in the 
ratio 3:1. In the regular tetrahedron these lines are 
perpendiculars from the angular points to the opposite 
faces and are all equal in length. Let a be the central 
angle in the regular tetrahedron ABCD and 8 the 
supplementary angle to it. 





and 

AM = BM = CM = DM 
Therefore 

cos 8 = MH/BM = MH/AM = 1/8 
Evaluating this 
B = 70° 31’ 44" 

Hence we obtain 

a = 180 — B = 109° 28’ 16” 
for the numerical value of the central angle of the regu- 


lar tetrahedron. 
ArneE A. Parts 


ANKARA, TURKEY 
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To the Editor: 

In the study of the arrangement of planetary elec- 
trons in an atom, we know that the electrons always 
enter into the energy level with lower energy. It may be 
difficult to decide to which level the electrons will enter 
because the sublevels may overlap. In the following 
diagram, the levels increase upward, and the sublevels 
increase upward toward the right. The numbers in the 
parentheses denote the energy increasing. In memoriz- 
ing the order it is helpful to follow the direction of the 
arrows. The diagram, I find, is very useful in the study 


of atomic structure. 
Pao-FANG YI 


Prrpine, CHINA 


To the Editor: 
In his paper ‘The Reversible Process in Thermody- 


namics” Mr. Rechel makes the point that the reversible 
process is a limiting or asymptotic process which may be 
approached but never attained. If he intends to base 
his arguments solely on classical thermodynamics the 
following comments are irrelevant. If, however, the 
quantities, pressure, density, and temperature are inter- 
preted as statistical averages about which fluctuations of 
varying magnitude constantly occur, then it is not‘proper 
to interpret p as an exact number and a truly reversible 
expansion becomes theoretically possible if not practi- 
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cable. As long as the motion of the piston is so slow that 
pressure gradients do not exceed in magnitude and fre- 
quency the normal fluctuations, the gas is effectively in 
an equilibrium state and the process of expansion is 
“a, passage through successive equilibrium states.” 
This does not mean discontinuous change because an 
equilibrium state is best represented not by a mathe- 
matical point of no dimensions but by a spot with maxi- 
mum density at one point and a very rapidly decreasing 
density around that point. Thus “successive states’ 


are not discrete but overlapping. Similar considera- 
Reversibility is attainable 


tions occur in all processes. 
at least in theory. 
Tuomas H. HAzLEHURST 


LexuicH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 





Doing Something About the Weather 


A scientist checks the corrosion-resistance of oil-treated metal panels in 
a weatherometer, or artificial weather-making machine. Here the panels 
are subjected to maximum temperatures of about 140° F., rays of ultra- 
violet light of an intensity of about 10 times that of noon-day sun, and 
intermittent water spray, to simulate the severest conditions imposed by 
sun, rain, and heat. Many thousands of rust-preventive petroleum com- 
pounds may thus be tested in a fraction of the time required in actual ex- 
posure. The weatherometer is one of many testing devices in the corrosion 
section of Gulf Oil Corporation’s research laboratories. 








e JOHNNY INVESTIGATES 


Oxsservations made in chemistry classes in various 
secondary schools in several states lead the writer to the 
opinion that opportunities for original thought, in- 
dividual experimentation, and investigation of simple 
problems are minimized by the procedures indicated 
below which are common everywhere: 


(a) The teacher discusses with the class the topic 
in hand. 

(b) The textbook gives full information as to the 
preparation and properties of the element or compound 
under immediate discussion. 

(c) As a consequence, the pupil goes to the labora- 
tory knowing already what is going to happen in the 
preparation of hydrogen, ammonia, or sulfur dioxide. 
He thus becomes a verifier of facts that have already 
been brought to his attention. True, he acquires 
‘through repeated use certain valuable manipulative 
skills, but he rarely discovers anything not set forth in 
the text or in the discussions by the teacher. He fol- 
lows the instructions in the manual, but when does he 
stand on his own feet and, through individual experi- 
mentation, find the answer to some simple problem 
not set forth in the text or manual? 

Now suppose the pupil is given some simple problem 
which is not familiar and is expected to work out for 
himself the proper answer. For example: “What is the 
reaction between warm dilute nitric acid and the simple 
‘oxides of the common metals?” Johnny investigates 
and finds that common oxides such as those of lead, 

copper, cadmium, nickel, and cobalt dissolve readily 
ine the acid, and hence a general statement may be 
made: “The simple oxides of the common metals 
are all soluble in nitric acid.” ‘Is this proposition 
set forth in the text or manual in use? Or again: 
“What is the effect of heat on the carbonates of the 
common metals?” Johnny investigates and finds 
that the carbonates of the common metals are all 
decomposed into the oxide with liberation of carbon 
dioxide. He may discover that it is much more difficult 
to decompose the carbonates of barium and calcium 
than those of lead and copper. The alkaline earth 
carbonates are more stable. The teacher may suggest 


CHARLES H. STONE 
Vermont Junior College, Montpelier, Vermont 


that the effect of heat on the carbonates of the alkali 
metals be investigated, with the added suggestion that 
acid be applied to these carbonates both before and 
after heating. Johnny finds that before heating, 
these carbonates, like all others, sizzle when acid is 
applied, and they also sizzle after strong heating. So, 
apparently, they are not changed by heat. Whence 
may issue this general statement: ‘‘With the exception 
of the alkali carbonates, all carbonates are decomposed 
into the oxide of the metal and carbon dioxide.’ He 
may observe that the resulting oxides are often of a 
different color from that of the original carbonate. 
Is the above general statement found in the text or 
manual you are using? The only instance is that for 
the preparation of lime. 

It must be obvious that it is better to have in mind 
one general statement covering a considerable number 
of related cases than it is to try to remember a number 
of individual instances. 

Here are some other experiments calling for student 
initiative which may be used as occasion offers: 


The student is given a small lump of roll sulfur 


1. Properties. 
“Find out all you can about this ele- 


with the suggestion: 
ment.” 

(a) What three obvious properties are noted at once? 

(b) Put the lump in a mortar and hit it lightly with the pestle. 
Is sulfur brittle or tough? 

(c) Has one of the small pieces any taste? 

(d) Will one of these pieces held in the tweezers or tongs burn 
if held in the flame of the bunsen burner for a moment? 

(e) Ifso, is there a color to the flame, or an odor? 

(f) Reduce some of the pieces to a fine powder in a mortar. 
Add a little of this powder to each of three test tubes 
containing: 5 ml. of cold water, 5 ml. of hot water, 5 
ml. of cold carbon disulfide. Results? 

(g) Grind in a mortar two grams copper powder and one gram 
powdered sulfur. Put into a test tube and heat. Re- 
sults? 

Summarize your findings from the above. 


2. Direct union of elements 

(a) What are three obvious properties of mercury; three of 
iodine? 

(b) Puta globule of mercury of the size of a pea into a clean dry 
mortar. Add a little iodine and grind. Continue with 
successive small portions of iodine, avoiding an excess, 
until the last tiny globule of mercury disappears. 
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(c) Scrape out the material onto a sheet of paper. If a purple 
vapor rises from the product how is that to be explained? 
What is the effect of heat on iodine? Is your product 
warm? 

(d) ‘When two elements combine to form a compound, the 
elements lose their original properties and the substance 
formed has properties unlike either of the original ele- 
ments.” Is this statement true or false? Does it 
appear in either text or manual? 


3. True or false statements 

‘‘When hydrogen is passed over hot copper oxide copper is 
formed. (See experiment in manual.) This is because 
hydrogen has a great attraction for copper.” True or 
false? 

“When dilute sulfuric acid and zine react, hydrogen is 
formed. The acid drives the hydrogen out of the zinc, 
doesn’t it? True or false? 

‘““Any base will neutralize any acid.’”’ True or false? 

4, Reaction of oxides with acids. Lead oxide and copper oxide 
will dissolve readily in warm dilute nitric acid. (See 
earlier statement.) Will these two oxides also dissolve 
readily in warm dilute sulfuric acid? Try it. Results and 
explanation? 

5. Ammonia 

(a) What are the two components in every ammonium salt? 

(b) Why is it necessary to use a base with sucha salt to liberate 
ammonia? 

(c) Could an acid be used in place of the base? Why? 

(d) Cut a cylinder of wood charcoal about */, inch long and of 
such size as to slide easily up and down in a 6-inch test 
tube. Boil in the tube 5 ml. of conc. ammonium 
hydroxide, pour out the liquid, slip the charcoal cylinder 
up into the tube and stand the tube mouth down in a 
small beaker containing mercury. What happens? 
Why? More mercury may be added if necessary. 
Raise the tube when action is over and let the mercury 
runout. Remove the charcoal and smell it. 

(e) Why is charcoal used in gas masks? 

(f) Charcoal and sulfur are nonmetals. Would sulfur behave 
similarly? 

6. Sodium nitrate; oxidizing action 

(a) Compute the percentage of oxygen in water and in sodium 
nitrate. 

(b) From your figures, which substance could be the better 
supporter of combustion? 

(c) Will hot water support the combustion of wood? 

(d) Will hot sodium nitrate support the combustion of wood? 
Put 5 g. of the nitrate into a dry tube supported verti- 


cally. Have at hand a wood splint. Heat the tube 
from the side until the nitrate melts. Set the burner to 
one side and test for oxygen. Results? 


(e) Drop the splint with spark into the melted nitrate. Re- 
sults? (Observe from the side.) 
(f) Why does the compound with the smaller percentage of 
oxygen prove to be the better supporter of combustion? 
(Do not drop any powdered combustible into the hot nitrate.) 
7. Stability of simple oxides 
(a) Heat about two grams mercuric oxide ina tube. Test for 
oxygen. 
(b) Heat about two grams of copper oxide ina tube. Test for 


oxygen. 





(c) How do you explain the difference in results? 
(d) Is mercury above or below copper in the displacement 
series? 
Conclusion. 
8. Hydrated and anhydrous salts 
(a) What is the color of crystallized copper chloride? 
(b) Put five grams of this salt into a dry test-tube and clamp 


level with open end slightly lower. Heat moderately 
using a small flame until the change is complete. Dry 
out the tube with rolled filter paper. What is the color 
of the product? (Too much heat will spoil this experi- 
ment.) 

(c) What 2 the cause of the color in crystallized copper chlo- 
ride 

(d) In an evaporating dish heat five grams of powdered copper 
sulfate crystals until the blue color is entirely gone. 

(e) Put a small quantity of the resulting powder on the palm of 
the hand and add ONE drop of cold water. What two 
results? ; 

(f) Explain each result. 

9. An adventure in catalysis 
(a) Will manganese dioxide yield oxygen if moderately heated? 


Try. 
(b) be potassium chlorate yield oxygen if strongly heated? 
Ty. 
(c) What happens when the hot dioxide is added to the fused 
* potassium chlorate after the heat of the burner is re- 
moved? (Spark test.) 

(d) What is proved in this experiment? 

10. Investigation of a series of reactions starting with copper 
carbonate 

(a) What is the color of the carbonate? 

(b) Put ten grams of the carbonate powder into an evaporating 
dish and stir in warm dilute nitric acid in successive 
small amounts till the action is complete. What hap- 
pens? Equation? 

(c) Filter. Color of filtrate? 

(d) Evaporate this filtrate to dryness. Result? Equation? 

(e) Transfer this last result to a dry test tube clamped level. 
Using a glass L tube, pass illuminating gas over the 
product and ignite the gas escaping at mouth of tube. 

(f) Heat the product moderately in the tube until action is 
complete. Result? Equation (assuming that hydrogen 
is a component of the illuminating gas). 

(g) What shorter method could be used to obtain this final re- 
sult? 


It is not suggested that experiments such as those 
above should displace those in the manual. Teachers 
are obliged to follow the requirements of the colleges 
that require a certain number of experiments per- 
formed from the manual in use. Butt seems that op- 
portunity may be found here and there with the better 
students to do some experimental work of the investi- 
gative kind. " 

It is interesting to note the reaction of such students 
to this sort of work. They seem to enjoy finding out 
the answers for themselves; it gives them a sense of 
confidence in their own ability to solve simple problems. 





a Schedule of Meetings, 1947-48 


October 18: Laconia High School, Laconia, New Hampshire 

December 13: Harvard University, Cambridge, Massachusetts 
(Joint meeting with the Eastern Association of Physics Teachers 
and the New England Biology Teachers Association) 

February 14: Rhode Igland State College, Kingston, Rhode Is- 


land 


April 3: St. Thomas Seminary, Bloomfield, Connecticut 
May 8: Malden High School, Malden, Massachusetts (Annual 


meeting) 





Keceut- Goole 


® THE ALKALINE-EARTH AND HEAVY-METAL SOAPS 


Stanley B. Elliott, The Ferror Chemical Corp., Cleveland. 
American Chemical Society Monograph Series. Reinhold Pub- 
lishing Corporation, New York, 1946. x + 342 pp. 15 figs. 
$7.50. 


INFORMATION on metallic soaps is scarce and scattered, and 
the author has done a very useful service by collecting, sifting, 
and presenting in a systemized way-all facts relevant to them 
except those in the field of lubricating greases, which the author 
intentionally has treated less exhaustively. The book contains 
eighteen chapters and six appendices. The first seven chapters 
covering about one-third space of the book contain a rather 
lengthy and at times too elementary discussion of the preparation 
and manufacture of metallic soaps and the materials and chemi- 
cals needed. The eighth chapter gives the classification followed 
in the later portion of the book, and the ninth chapter is a very 
informative review and survey of the application of metallic soaps 
in general. From the tenth to the seventeenth chapter—probably 
the most useful part of the book—in well over one hundred pages 
the properties and applications of metallic soaps are discussed 
individually and classified according to the periodic table. The 
last chapter of five pages deals very scantily with the analysis of 
oils and metallic soaps. 

Appendix I contains a list of U. S. patents on the use of metallic 
soaps, in which the reviewer missed some well-known recent 
patents on lubricating grease. Appendix II gives the federal 
specifications for some metallic soap products and Appendix III 
the composition of suitable metallic soap driers for various types 
of oil varnishes and a tabular summary of the physical charac- 
teristics of various metallic soaps and their behavior with the 
common solvents. 

The author fails to mention some important previous pub- 
lications, for example, Braun’s ‘‘Metalseifen” (1932), a chapter in 
Matiello’s “Protective and Decorative Coating,” and Lesser’s 
very exhaustive recent series of two articles in “Soap and Sani- 
tary Chemicals.” On p. 131, there should have been a clearer 
discussion of the part that metalli¢ soaps take in “Solubilization” 
phenomena. The recent successful treatment of athlete’s foot 
with zinc soaps of undecylenic acid should have been mentioned, 
as well as the phenomena known as “‘livering” of paints, which is 
attributed to metallic soap formation, and the recent use of 
metallic soaps as a waterproofing additive to concrete. These 
shortcomings are minor or incidental. The reviewer confidently 
recommends this book to all chemists who use metallic soaps or 
who wish to know more about them. 


SANTI R. PALIT 
CatcurTta, InpIA 


& ON UNDERSTANDING SCIENCE—AN HISTORICAL 
APPROACH 


James B. Conant, President of Harvard University. Yale Uni- 
versity Press, New Haven, 1947. xv + 146 pp. 13 X 20 cm. 
$2. 


THIS LITTLE volume contains the Terry Lectures delivered by 
Dr. Conant at Yale in 1946. He stated his objective in the fol- 
lowing words: 

‘What I propose is the establishment of one or more courses at 
the college level on the Tactics and Strategy of Science. The 
objective would be to give a greater degree of understanding of 
science by the close study of a relatively few historical examples of 
the development of science”... .‘“The analogy with the teaching 
of strategy and tactics of war by examples from military history 


is obvious. And the success of that educational procedure is one 
reason why I venture to be hopeful about this new approach to 
understanding science. I also draw confidence from the knowl- 
edge of how the case method in law schools and a somewhat 
similar method in the Harvard Business School have demon- 
strated the value of this type of pedagogic device. The course 
would not aim to teach science—not éven the basic principles or 
simplest facts—though as a by-product considerable knowledge 
of certain sciences would be sure to follow’... 

The titles of the four chapters are: I. The Scientific Education 
of the Layman; II. Illustrations from the 17th Century “‘Touch- 
ing the Spring of the Air;” III. Illustrations from the 18th Cen- 
tury Concerning Electricity and Combustion; IV. Certain 
Principles of the Tactics and Strategy of Science. These are 
followed by ‘‘Notes’”—not the least interesting feature—and 
“Bibliographies.” 

The duty of a reviewer is sometimes to write only just enough 
about a book to enable readers of the review to talk about the 
book in company without being put to the trouble of reading it. 
This is not that kind of book. It is one, ‘rather, that every 
science teacher should read for himself; he will never thereafter 
be quite the same person; he will be forced to reappraise his own 
aims and methods, whether or not he is persuaded to go all out for 
the historical approach. The best feature of the book, indeed, is 
not the historical method but Conant himself, who illuminates 
with humanism everything he writes or speaks. One must agree 
with the view implied in these lectures that we ought to be doing 
a far better job of spreading an understanding of what Conant 
calls the ‘‘Tactics and Strategy of Science.’”’ ‘Survey courses” 
made up of a hodge-podge of scraps of information about a num- 
ber of sciences, and doled out to passive students are surely not 
the answer, nor is mere philosophizing about scientific method. 
As Conant says, “there are two ways of probing into complex 
human activities and their products: one is to retrace the steps by 
which certain end results have been produced, the other is to 
dissect the result with the hope of revealing its structural pattern 
and exposing the logical relations of the component parts, and, 
incidentally, exposing also the inconsistencies and flaws. Philo- 
sophic and mathematical minds prefer the logical approach, but 
it is my belief that for nine people out of ten the historical method 
will yield more real understanding of a complex matter.” 

The question that arises in the mind of the reviewer is whether 
there is not also a third approach to demand the consideration of 
the teacher. Designating the two just mentioned as, respectively, 
the “logical” and the ‘‘chronological,” the third may be described 
as the “psychological.” It takes into account the fact that 
ability to do something difficult is developed not by hearing it ex- 
pounded but by first-hand effort and practice. The role of the 
learner must be an active one. If the goal of ‘“‘understanding 
science” on the part of laymen is to bring a little more reason- 
ableness into human affairs, is not the most appropriate method 
the encouragement of a little scientific thinking and experimenta- 
tion on the part of students, even if necessarily on a rather ele- 
mentary plane, rather than reliance solely upon descriptions of 
scientific effort by others? This principle is well understood in the 
realm of physical education, where muscular control is developed 
by performance, with repetition directed toward ever higher 
levels of difficulty and skill, and only incidentally by lectures and 
demonstrations. Athletes, even amateurs, are developed on the 
field, not in the bleachers. 

But this has become the beginning of ar essay, which is con- 
trary to the editor’s intructions to reviewers; this is what Dr. 
Conant’s book does to one; try it on yourself! 

J. H. HILDEBRAND 

UNIVERSITY OF CALIFORNIA 

Brerxgvey, CALIFORNIA 
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© FUNDAMENTALS OF PLASTICS 

Henry M. Richardson, Consulting Engineer, Springfield, Mass., 
and J. Watson Wilson, Yale University, Editors. First Edition. 
McGraw-Hill Book Co., New York, 1946. viii + 483 pp. 199 
figs. 62tables. 22 X14.5cm. $5.00. 


Books designed to instruct the student in the chemistry and 
technology of plastics are becoming almost as numerous as text- 
books of general chemistry. These new books are largely the fruit 
of formal training courses in ‘Plastics’ which have been offered 
by various schools in recent years. The subject of this review is 
the result of editing the lectures presented by a group of experts 
in such a course, with the addition of special chapters by other 
contributors. 

In the opinion of the reviewer this is the most satisfactory and 
complete coverage of the science of plastics which has been accom- 
plished in a single small volume. The lack of continuity, the over- 
lapping, and the repetition which are inevitable to some degree in 
any book which is the product of multiple authors are more than 
offset here by the value of the several viewpoints and the high 
qualifications of each author for the aspect of the subject which he 
presents. The book is organized in four general sections which 
treat: (a) the relationships of chemical structure and physical 
properties, (b) the six major classes of plastics, (c) the manufac- 
ture and fabrication of plastic products, (d) methods of testing 
and control. The typography is excellent; numerous diagrams, 
tables, and photographs illustrate the text; and a selected list of 
references is provided at the end of each chapter. 

To derive the potential values of this book, the student needs a 
rather thorough background of organic and physical chemistry. 
It can be highly recommended for such persons, either as a text- 
book in a.special course or for individual study and reference. 


HARVEY A. NEVILLE 


LesigH UNIVERSITY 
BETHLEHEM, PENNSYLVANIA 


r) SEMIMICRO QUALITATIVE ORGANIC ANALYSIS 


Nicholas D, Cheronis, Chairman of the Department of Chem- 
istry, Chicago City College (Wright Branch), and Director of The 
Synthetic Laboratories, and John B. Entrikin, Head of the De- 
partment of Chemistry, Centenary College of Louisiana. Thomas 
Y. Crowell Company, New York, 1947. xiv +498 pp. 67 figs. 
42 tables. 15.5 X 23.5cm. $3.75. 


Semimicro techniques have rapidly gained favor in inorganic 
qualitative analysis; this book applies the semimicro techniques, 
to organic analysis. Quantities recommended are 50 to 100 mg. 
for solubility and functional group tests and 100 to 200 mg. for 
the preparation of derivatives. The scheme of analysis is the 
conventional one. There is also a short chapter on chromato- 
graphic analysis written by Arthur L. LeRosen of Louisiana State 
University. 

The authors state that the book is designed for industrial 
chemists and laboratory workers in chemically related fields, 
students enrolled in regular college courses in qualitative organic 
analysis, and students in first year organic chemistry, and that it 
is a combination text, manual, and reference book. These 
diversified aims of necessity result in certain compromises and re- 
duce the value of the work when used for any particular one of 
these purposes. The reviewer feels that the book inclines toward 
the manual rather than the text. Manipulative details, exact 
procedures, and a wide variety of tests and methods are covered; 
but the importance of some of these tests as examples of the more 
general behavior of certain types of organic compounds receives 
little attention. This is particularly true of the specific class 
tests; the discussion of the reactions for the preparation of 
derivatives is more general. The relationship between solubility 
and structure, although perhaps somewhat more accurately, is 
certainly less clearly presented than in other texts in the field. 

The class reactions appear to be well chosen from the labora- 
tory point of view and should be quite workable. Probably the 
outstanding feature of the book is the material on the preparation 
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of derivatives. The authors have made not only a valuable and 
detailed critical evaluation of the derivative preparations avail- 
able but also have recognized the great differences in behavior of 
various members of the same group. These differences are de- 
scribed and usually two or more detailed directions for the 
preparation of the same derivative from various representative 
members of a group are given. 

The tables, a most vital part of such a book, appear to be excel- 
lent. They are exceptionally complete, occupying some one 
hundred pages, and are well annotated. The authors’ comments 
would indicate that the data were selected with considerable care. 

The use of quantitative measurements has received little 
attention. The determination of neutralization and saponifica- 
tion equivalents has been relegated to the appendix and no men- 
tion is made of DuClaux constants. This is unfortunate in view 
of the tendency of the student to ignore the value of quantitative 
results in organic chemistry. 

This book is a fine manual for those interested in either the 
teaching or the accomplishment of qualitative organic analysis 
as such. If used as a text for a course where the interest in 
analysis is primarily to illustrate and teach more general organic 
chemistry, a heavy burden to present supplementary material 
would be placed upon the instructor. 


GEORGE E. HALL 
Mount Ho.uyoxe CoLuEGe 
Sours Hap.ey, MAssacHuUsetTTs 


2 PETROLEUM PRODUCTION 
VOLUME Ill: Oil Production by Water 


Park J. Jones, Consultant, Houston, Texas. Reinhold Publishing 
Corp., New York, 1947. vii + 271 pp. 175 figs. 40 tables. 
16 X 23.5cm. $5. 






9 STANDARD METHODS FOR TESTING PETROLEUM 
AND ITS PRODUCTS 


Institute of Petroleum Standardization. Published by the 
Institute of Petroleum, London, 1947. Eighth edition. Ixiii + 
576 pp. 152 figs. 14 X 21.5 cm, $4. ; 


@ HIGH VACUUM TECHNIQUE: Theory, Practice, In- 
dustrial Applications and Properties of Materials 


J. Yarwood, Lecturer in Physics, South-east Essex Technical Col- 
lege, Dagenham. John Wiley & Sons, Inc., New York; Chapman 


& Hall, Ltd., London, 1946. Second revised edition. xii + 140 
pp. 90 figs. 15 X 23.5cm. $2.75. 
® TECHNOLOGICAL AND PHYSICAL INVESTIGA- 


TIONS ON NATURAL AND SYNTHETIC RUBBERS 


A. J. Wildschut, Research Engineer of the Rubber Foundation, 
Delft. Research in Holland Series. Elsevier Publishing Com- 
pany, Inc., 1946. 173 pp. 72 figs. 17tables. 15 X 2lcm. $3. 


co) CONTRIBUTION TO THE PHYSICS OF CELLULOSE 
FIBRES ; 


P. H. Hermans, The Institute for Cellulose Research of the AKU 
and Affiliated Companies, Utrecht. Research in Holland Series. 


Elsevier Publishing Company, Inc., 1946. 46tables. 15 X 21.5 
cm. $4. 
& THE WET PURIFICATION OF COAL GAS & SIMILAR 


GASES BY THE STAATSMIJNEN-OTTO-PROCESS 


H. A. J. Pieters and D. W. Van Krevelen, Central Laboratory 
of the Netherland State Mines. Research in Holland Series. 


Elsevier Publishing Company, Inc., 1946. 56 pp. 26 figs. 
10 tables. 


15 X 2lcem. $1.25. 
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& QUALITATIVE ANALYSIS: A Brief Outline 


Harry N. Holmes, Professor of Chemistry, Oberlin College. 
The MacMillan Company, New York, 1946. Ninth revised edi- 
tion. viii + 52pp. 13.5 X 21.5 cm. $1.40. 


@ TABLE OF THE BESSEL FUNCTIONS Jy (z) and Ji (z) 
FOR COMPLEX ARGUMENTS 


Prepared by the Mathematical Tables Project National 
Bureau of Standards. Second edition, Columbia University 
Press, 1947. xliv + 403 pp. 21 X 27.5cm. $7.50. 


@ TABLES OF SPHERICAL BESSEL FUNCTIONS: Vol- 
ume II 

Prepared by the Mathematical Tables Project National 

Bureau of Standards. Columbia University Press, 1947. 

xx + 332 pp. 21 X 27.5cm. $7.50. 


JOURNAL OF CHEMICAL EDUCATION 


8 LOW-PRESSURE LAMINATING OF PLASTICS 
J. S. Hicks and R. J. Francis, Owens-Corning Fiberglas Corpora- 


tion. Reinhold Publishing Corp., New York, 1947. 162 pp. 
100 figs. 16 X 23.5cm. $4.50. 
© THEORY AND APPLICATION OF RADIO-FREQUENCY 


HEATING 


George H. Brown, Cyril N. Hoyler, and Rudolph A. Bierwirth, 
RCA Laboratories, Princeton, N. J. D. Van Nostrand Company, 
Inc., New York, 1947. xiv + 370 pp. 264 figs. 28 tables, 
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QUANTITATIVE RESULTS OF VOLUMETRIC ANALYSIS—A GRAPHIC PROCEDURE 
(Continued from page 566) 


milligrams of sodium chloride as shown. Thus line 
A-B, and the corresponding point on line C-D, shows 
the amount of silver nitrate solution actually used to 
react with the chlorides in the sample. Accordingly 
the chloride content can be read from line C-D on the 
sodium chloride scale on the right. 
chosen illustration the answer is 1.32 mg. sodium chlo- 
ride. 


ONE-LINE GRAPH 


The use of a two-line graph may be criticized in that 
it may be more complicated than a one-line graph. 
Moran (2) states, ‘Because a constant addition (10 ml.) 
of silver nitrate solution is a prerequisite for both stand- 
ardization and analysis, the use of this constant obvi- 
ates the necessity for using a two-line graph.” From 
the numerical example used in constructing the two-line 
graph (Figure 1), a one-line graph may be constructed, 
Figure 2. For 10 ml. of AgNO; (0.0 mg. of NaCl) 
the point of A at 9.5 ml. NH,CNS is placed on the bot- 
tom scale. For 10 ml. of AgNO; and 5 mg. NaCl, the 
point C representing 1.9 ml. NH,CNS is placed on the 
line representing 5 mg. NaCl. A single line connecting 
these two points gives the relationship between ml. 
NH.CNS required for back titration and the equivalent 
weight of NaCl. Thus, assuming a back titration of 
7.5.ml. thiocyanate solution, as in Figure 1, the answer 
is likewise 1.32 mg. on the sodium chloride scale. 

The graphical procedure may be used, also, if the 
blank determination on any additional reagents indicate 
that a correction is necessary. In that case, line C-D 
(Figure 1) is located with point D representing the 
blank determination or correction. 


DISCUSSIONS AND RESULTS 


A graphic procedure is described as a means for 
rapidly and accurately determining the results of volu- 
metric analysis. It is particularly useful when two or 





Therefore, in the. 





more solutions are required and is especially advantage- 
ous where one or both solutions are of such nature as to 
require frequent restandardization. The solutions are 
neither prepared to any particular concentration, nor 
is any knowledge of their normalities required. No 
calculations are necessary. The final result is read 
directly from the graph andis based on a recovery 
sample. 
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How tong has it been since you brought to mind the 
famous declaration by Patrick Henry: “I know not 
what course others may take; but: as for me, give me 
liberty or give me death”? And how recently have you 
reminded yourself that “the price of liberty is eternal 
vigilance’? 

It was not a marvel—as many seemed to think—that 
this country got itself into such a generally unified frame 
of mind under the pressure of war and protected its 
liberties so valiantly. The crisis of a common, ébjective 
danger brought out great collective strength, to be sure, 
but it was rather to be expected. 

There is reason to think that we face today a crisis— 
or even a collection of crises—just as dangerous as any 
that has gone before. In view of this it is important that 
we remind ourselves of a few things—important 
enough to stop for a moment what we are doing, 
whether it be teaching, studying, selling chemicals, or 
making butadiene. 

We live in one of the few parts of the world where a 
man may work or loaf, as he desires; may aspire with 
some hope to the highest position; may own and control 
what he has earned by the sweat of his brow and the 
strength of his hands and brain; may engage in what- 
ever legitimate calling or occupation he chooses; 
may safely express his disapproval of the manner 
in which his government ig administered; is assured 
of those personal “rights” and protections enumerated 
in the first ten amendments to our Constitution. 

We believe in the inherent intelligence of people, and 
their collective ability to find the correct solution to 
social difficulties, when given the opportunity to do so. 
We believe that the source of governmental power is 
the consent of the governed, not the assumptions of a 
fuehrer, duce, marshal, or a politburo that sits behind in- 
accessible walls. We are a nation of children who (like 
my own) would rather tie their own shoes ineffectually 
than have them tied tightly by their elders. 

We live in a sumptuousness never before equaled; 
the average man enjoys a standard of living and com- 
forts previously denied to kings. The least of us is 
envied today by others throughout the world. 

It took a long time in our history to accumulate these 
benefits. Our forefathers long ago fought and died to 
obtain them; many of our brothers and children yester- 





day did so to preserve them. Make no mistake that 
they are inherent, however, or self-perpetuating. We 
can lose them again if we are not eternally vigilant. 

Is there anything significant, I wonder, in the fact 
that the country with the highest economic standard is 
also tlte one in which there exists the largest measure 
of personal liberty? There are those who will tell you 
that our lot would be improved if we would give up some 
of these liberties—although I confess that I, for one, 
cannot understand what “lot’’ is meant. 

Part of the price we pay for our personal liberties is 
disunity. Since there is no compulsion to make us all 
think and act alike we think and act differently, and our 
national stability often seems to result from a balance of 
confusions. Could a strong arm (presumably benevo- 
lent) unite us and herd us to greater prosperity and 
glory? We have been resisting strong arms—benevo- 
lent and selfish—throughout human history; neverthe- 
less, the strong-arm theory of social organization has 
much to thrive on in the present uneasy state of the 
world. 

If we will survive as a free people we must find in the 
ideal of personal liberty a factor which will unify and 
not separate us. We must also find a means of rec- 
onciling personal liberty with social responsibility. If 
we cannot do these things, and cannot protect ourselves 
vigorously from the revolutionary agencies which are 
trying to destroy our strength, from within and without, 
we will sooner or later succumb to the strong-arm 
theory and henceforth tremble by night. For who is 
secure who is not free? 

We take our blessings for granted and complain of our 
discomforts. Eternal vigilance demands that we keep 
our blessings fresh in our minds. It is like telling the 
woman every day that you love her; she should not 
need to be continually reassured, but the telling of it 
assures the marital stability. So, let us keep before us 
continually the ideals of this country in which we are 
fortunate enough to live. Let us not be slow to acknowl- 
edge our love for her, not because she affords us a living 
but because shé permits us to live unrestrainedly. If 
security is golden, freedom is studded with diamonds; 
if we do not sacrifice the latter for the former we may 
learn how to have them both. If we are to be united it 
must be by the love of freedom. - 
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Chemical Education in American Institutions 





CALIFORNIA INSTITUTE OF TECHNOLOGY 


Te GENERAL educational policies of the California 
Institute were formulated by the late Dr. Arthur A. 
Noyes in 1921 and continue to represent, with sur- 
prisingly little modification, the objectives of the In- 
stitute and of the Division of Chemistry and Chemical 
Engineering. 

Among these policies is the statement that the four- 
year undergraduate course in science shall afford an 
unusually thorough training in the basic sciences 
of physics, chemistry, and mathematics and shall con- 
tain a large proportion of cultural subjects. To quote 
from the original statement regarding this course, 
“Its purpose will be to provide a college education, 
which when followed by one or more years of graduate 
study, will best train the creative type of scientist or 
engineer so urgently needed in our educational, govern- 
mental, and industrial development....”’ And further, 
“In all the departments of the Institute research is 
strongly emphasized, not only because of the impor- 
tance of contributing to the advancement of science, 
and thus to the intellectual and material welfare of 
mankind, but because research work adds vitality to 
the educational work of the Institute and develops 
originality and creativeness in its students.” 

In order to provide the “large proportion of cultural 
subjects” approximately twenty per cent of the time of 
each undergraduate year, and of the courses leading to 
the Master’s degree, is allotted to work given by the 
Division of the Humanities; time for this work is 
obtained by elimination of some of the more specialized 
topics frequently found in undergraduate curricula. 

These original policies further stated that the regis- 
tration of students should be strictly limited to 


ERNEST H. SWIFT 


California Institute of Technology, 
Pasadena, California 


that number which could be satisfactorily provided 
for with the facilities and personnel available; 
furthermore, that students should be admitted, not 
on the basis of priority of application, but on that of a 
careful study of the merits of each individual applicant. 
The objective of this selection and restriction was to 
obtain a relatively small but select body of students of 
more than average ability, and to provide for an unusual 
amount of personal contact between stubents and 
instructors. As a result of this policy the freshman 
class has been limited to approximately one hundred 
and sixty, and sections have been maintained at twenty 
or less. Under normal conditions the number of stu- 
dents electing the chemistry or applied chemistry 
options in the sophomore year will vary from thirty to 
forty. This number will remain fairly constant in 
subsequent years because of the policy of initial selec- 
tion and because of the admission to the upper classes 
of a limited number of students from other institutions. 


UNDERGRADUATE INSTRUCTION 


Freshman Year. The course in freshman chemistry is 
required of all students and covers essentially the topics 
customary in first-year college chemistry. An effort 
is made, however, to present the material in as unified 
and logical a manner as is possible at the present state 
of development of science. In particular, there is 
emphasis from the beginning on the atomic and molecu- 
lar structure of matter and the explanation of the 
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physical and chemical properties of substances in 
terms of this concept. The first few lectures are de- 
voted to the atomic’and molecular structure of crystals, 
liquids, and gases, with emphasis on qualitative 
rather than quantitative considerations. A_ brief 
survey of descriptive chemistry in relation to the posi- 
tion of the elements in the periodic table is then pre- 
sented, followed by the discussion of weight relations in 
chemical reactions. Atomic weights and _ stoichio- 
metric calculations are not treated by the method of 
historical development, but rather in the simplest 
possible way, on the basis of atomic theory. 

The electronic structure of atoms and molecules and 
the nature of valence is taken up next. This subject 
is treated in detail, first for ionic compounds, together 
with a discussion of the phenomenon of electrolysis 
of fused salts and of salt 
solutions. Covalence is then 
discussed, followed by the 
definition and use of oxida- 
tion number and the discus- 
sion of oxidation-reduction 
reactions. 

The policy adopted in 
treating these theoretical 
subjects is that the ¢opics 
which are introduced are to 
be treated thoroughly so as 
to be understandable by the 
student. It is assumed that 
a freshman student has on 
the average as much ability 
to understand theoretical 
concepts as an upper class- 
man or graduate student, 
although his experience and 
training have been less ex- 
tensive. In accordance with 
this assumption, the de- 
tailed processes of the 
conduction of electricity 
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through a molten salt or an electrolytic solution and the 
accompanying electrode reactions, are treated in es- 
sentially the’same way as in a course in physical chem- 
istry, but necessarily somewhat more slowly and with 
great emphasis on the experimental facts. One con- 
sequence of this thorough treatment of certain theoreti- 
cal subjects in the course is that the number of topics 
considered during the year is necessarily somewhat 
smaller than is usually the case and the treatment of 
the descriptive material consists of an intensive study 
of selected representative topics rather than a more 
general survey of the entire field. 

The first set of elements selected for detailed de- 
scriptive discussion comprises chromium and man- 
ganese and their congeners. This departure from the 
conventional order has been adopted because the 
chemistry of chromium and manganese is especially 
interesting, and most students are not very familiar 
with it. These elements also provide many examples of 
oxidation-reduction reactions, permitting the applica- 
tion of the general principles which have just been dis- 
cussed. Laboratory work on chromium and man- 
ganese is carried out at the same time that the elements 
are discussed in lectures and classroom sessions. 

During the remainder of the year the lectures of 
successive weeks alternate between theoretical subjects 
and the descriptive chemistry of the halogens, sulfur 
and its congeners, nitrogen, phosphorus, and other 
nonmetals and the various metals. The theoretical 
subjects include a general discussion of the theory of 
chemical equilibrium preceded by a brief treatment of 
the rate of chemical reactions; and elementary treat- 
ment of acids and bases, including the theory of in- 
dicators, hydrolysis, and buffered solutions; precipita- 
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tion reactions and the application of the solubility 
product principle; oxidation-reduction potentials, and 
thermochemistry. During the third term special lec- 
tures are given on organic chemistry, silicon and the 
silicates, metals and alloys, iron and steel, radio- 
chemistry, and proteins and other substances of im- 
portance in biochemistry. Other special lectures 
given during the year usually include one on the electron 
microscope and recent scientific progress made with 
its use, and one on the electron diffraction method of 
determining the structure of molecules. Two lectures 
are presented during each week through the year and 
one recitation is held each week for each section of 
twenty students. The text is ‘General Chemistry” 
by Pauling. 

The laboratory work is carried out in two three-hour 
sessions per week and is under the general supervision 
of an instructor in chemistry with a teaching fellow in 
direct charge of each section. The laboratory work 
during the first half of the year deals with the synthesis 
of inorganic substances, methods of purification, chemi- 
cal properties of substances, oxidation-reduction meth- 
ods of volumetric analysis, including the use of per- 
manganate solutions, and the properties of acids and 
bases, including acid-base titration. The laboratory 
work during the second half of the year is quali- 
tative analysis, with Noyes-Swift as the laboratory 
text, and with the procedures of this text modified by 
reducing sample size volumes of reagents, ete., by a 
factor of ten. ; 

The other courses taken throughout the freshman 
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year are mathematics, covering plane analytic geom- 
etry and an introduction to differential and integral 
calculus; physics, covering mechanics, molecular 
physics, heat and sound; English composition, and 
European history; and drawing. 

Sophomore Year. Students majoring in chemistry 
or applied chemistry take throughout their sophomore 
year a course in analytical chemistry consisting of two 
hours of class and six hours of laboratory per week. Asis 
stated in the first. class meeting, this course does not 
have as its objective the training of analysts. Rather, 
analytical chemistry is used throughout the course as a 
means for enabling the student to attain the following 
objectives: (a) an ability to use the methods aid meas- 
urements of analytical chemistry, with emphasis on 
the fact that both of these are employed (often on a 
different scale of operation) in research, development, 
control, and production; (0) an ability to apply chemi- 
cal principles, both qualitatively and quantitatively, to 
the development and critical evaluation of these 
methods; (c) to enlarge and coordinate, especially by a 
critical study of the more important of the separations 
used in qualitative and quantitative analysis, the back- 
ground of factual inorganic chemistry begun in the 
freshman year. 

The work during the first two terms is mainly quanti- 
tative analysis, volumetric and gravimetric, with 
emphasis on the attainment of accuracy of measure- 
ments, not only through manipulative training and 
detail, but by a critical appraisal and elimination of 
sources of errors in both method and measurement. 
Following a. partial cali- 
bration of weights and 
volumetric apparatus, the 
first laboratory determina- 
tions involve volumetric 
precipitation § methods; 
these are selected not only 
for their ease of execution 
but because they permit a 
detailed approach to the 
evaluation of end-point 
errors from the principle 
of mass-action. After a 
gravimetric chloride deter- 
mination during which 
demonstration lectures are 
used to introduce and il- 
lustrate the effect of con- 
ditions on the physical 
characteristics of the pre- 
cipitate and the general 
nature of co-precipitation 
phenomena, oxidation-re- 
duction reactions are be- 
gun with permanganate 
methods which are used 
to show, first, the appli- 
cation of half-cell poten- 
tial values to the calcula- 
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tion of equilibrium conditions, and second, the lia- 
bilities which reaction rates introduce into the predic- 
tions which may be made from these calculations. 

Jodometric methods follow and illustrate the revers- 
ibility of certain oxidation-reduction reactions and 
the use of buffer systems in the control of such re- 
actions. With the standardization of thiosulfate 
solutions the practice is initiated of assigning (or in so 
far as possible allowing the student to select) one of 
several optional methods and expecting an evaluation 
of their relative merits. An electrolytic determination 
of copper and lead emphasizes electrode reactions and 
overvoltage phenomena. Neutralization methods fol- 
low, since experience has shown that such equilibria, 
especially their application to indicators and to titra- 
tions involving polyprotic acids, cause students con- 
siderable trouble and are most effectively presented 
after solubility and oxidation-reduction phenomena. 
Analyses are made of the nitrogen in dried blood by a)\ 
semimicro Kjeldahl and of phosphoric acid solutions, 
where the practice is begun of requiring the student to 
resort to the literature in order to find or devise a pro- 
cedure, and to be able to justify this procedure. A 
silica determination concludes the work of the first two 
terms. 

The work of the third term is much less closely 
prescribed and is begun with a study of ceric sulfate 
titrations and the student may select or suggest some 
particular titration or method for trial and study. 
Also during this term the glass electrode pH meter is 
used for the determination of titration curves and in- 
dicator transition ranges for phosphoric and other 
typical polyprotic acids. The remainder of the 
scheduled work involves the analysis of selected mate- 
nals using “A System of Chemical Analyses, Qualita- 
tive and Semi-Quantitative,” by Swift as the text. In 
order to eliminate the tedium of carrying out the com- 
plete analysis of these materials, the student is usually 
told, especially in the case of alloys, the major con- 
stituents. He is then asked to devise the most efficient 
procedure for determining quantitatively one of the 
major constituents or for establishing the presence and 
amount of a minor constituent. He is encouraged to 
depart from routine adherence to the text, and he sub- 
mits his proposed procedure for discussion before be- 
ginning the analysis. The class work is largely devoted 
to a critical discussion of the group separations used in 
qualitative and quantitative procedures; these include 
separations based upon the control of pH and of sulfide 
concentration, the use of distribution between immis- 
cible solvents, the use of organic reagents, and the 
application of volatilization methods. 

Qualified students are encouraged to substitute for 
the prescribed laboratory work of the third term studies 
of various minor problems in analytical or inorganic 
chemistry; these studies have included the deter- 
mination of the nature of the distribution of various 
elements between ethers and hydrochloric acid solu- 
tions, and the determination of certain formal potential 
values. 
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Throughout his sophomore year the student takes: 
a mathematics course continuing differential. and in- 
tegral calculus and including solid analytic geometry 
and some vector analysis; a physics course covering 
electricity, light, and electron physics; a course in 
American history; also term courses in geology, biol- 
ogy, and genetics or astronomy. 

Junior Year. Courses in both physical-and organic 
chemistry are begun and continue through the junior 
year. The instruction in organic chemistry consists 
of a class course which meets three hours weekly and 
requires five hours of preparation, and a laboratory 
course of six hours for two terms and of nine hours in 
the third term. The class text is “Organic Chem- 
istry” by Lucas, and a mimeographed laboratory 
manual by Lucas and Pressman is used in thelaboratory. 
In these courses emphasis is placed upon the general 
properties and reactions of the important classes of 
organic compounds. In order to develop a basis for 
correlation of similarities and differences, attention is 
paid to fundamental concepts, such as electronic struc- 
ture, dipole moments, bond energies, resonance, and 
simple thermochemistry. Some attention is given 
to the discussion of mechanism of reaction when this 
is an aid to better understanding. Daily assignments 
are made of home work which is designed to test the 
understanding of the student of the subject, and exami- 
nations of the open book type are emphasized. 

In the laboratory the attempt is made to so train the 
student that he is prepared to carry on research in 
organic chemistry. In addition to proficiency in the 
usual laboratory operations, he is expected to under- 
stand the principles underlying such fundamental 
operations as fractional distillation, vacuum and steam 
distillation, removal of water, and extraction with 
immiscible solvents. Usually several experiments deal- 
ing with each class of compounds are available, and 
these are assigned to different students, so that all 
may become acquainted with the. different methods. 
The more able students are encouraged to undertake 
syntheses of more than usual difficulty or to under- 
take an experimental problem in place of the required 
experiments. 

The junior course in physical cherhistry, known as 
Chemical Principles, requires four hours of class and 
six hours of preparation a week throughout the year. 

The early part of the course is devoted to a study of 
the first and second laws of thermodynamics, followed by 
a consideration of the principles underlying the topics 
usually included in a course in physical chemistry, with 
perhaps less than the usual amount of time devoted to 
descriptive material. Full advantage is taken of the 
fact that the student has already had ‘two years of 
college chemistry, two of college physics, and two of 
analytical geometry and calculus. 

“Chemical Principles,” by Noyes and Sherrill, is 
used as the text and the method of instruction followed 
in presenting the course is essentially that described 
in the preface to the first edition (1922): “The course 
of instruction is so planned as to make the student think 
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about the significance of the principles presented and 
work out for himself the method of treatment of special 
cases upon the basis of these principles. To this end 
the text is interspersed with problems, which prevent 
the student from memorizing the principles or com- 
placently believing that a formal knowledge constitutes 
a real understanding of them. These problems are for 
the most part not the usual type, involving merely 
substitution in formulas and mathematical operations, 
but are such as require clear logical thinking in the 
application of the principles to the cases under con- 
sideration. They are not merely supplementary or 
incidental to the text, but they are the feature about 
which the whole presentation centers.”’ 

Courses in economics, literature, and the German 
language, with emphasis on scientific reading, are also 
taken in the junior year. 

Senior Year. In the senior year differentiation is 
made between what are termed the Chemistry and 
Applied Chemistry options. The required work in the 
chemistry option includes the following: a one-term 
course meeting twice a week which consists of a some- 
what more advanced treatment of thermodynamics 
and electrochemistry, and provides practice in the 
computation of the free energies, activities, and en- 
tropies of typical substances; a physical chemistry 
laboratory course of two sessions of three hours each 
per week for two terms in which the experiments are 
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chosen primarily to illustrate and to review principles 
which the student has studied in the previous year, 
The student is familiarized with the more important 
experimental methods of classical physical chemistry 
but the major emphasis is laid on the principles involved 
rather than on techniques. A one-term laboratory 
course with the same number of hours entitled In- 
strumental Analysis, affords the student an opportun- 
ity to appreciate the function of specialized instruments 
in chemical research and technology. He works with 
optical instruments ranging from a polarizing micro- 
scope to a spectrophotometer, with an Orsat apparatus 
and a Van Slyke gasometric apparatus, and with meas- 
uring instruments for various physical properties. 
Instructors give close supervision during introductory 
procedures designed to impart the technique and 
principles of operation of an instrument. The student 
may then apply the instrument in an experiment 
of his own devising. A one-term course in colloid 
and surface chemistry meets three hours per week 
and treats of the properties of surfaces and inter- 
faces, and of the general principles relating to disperse 
systems with particular reference to the colloidal state. 
A two-term course in inorganic chemistry meets twice 
a week and considers selected groups: of inorgainc 
compounds from modern physico-chemical viewpoints, 
with reference to their physical properties, their thermo- 
dynamic constants (such as heat-contents, free energies 
and entropies), their rates of conversion (including 
effects of catalysis and energy radiations), and their 
molecular structure and valence relations. The class 
work is supplemented by problems which require a 
study of current literature. 

Various professional elective subjects are also avail- 
able. Students interested in organic chemistry take 
second year courses in that subject in which the an- 
alytical approach is emphasized. In the lecture course 
attention is first directed to the various methods suit- 
able for the systematic separation and purification of 
organic compounds. The subject of both qualitative 
and quantitative elementary analysis is then introduced 
and is followed by a detailed consideration of func- 
tional group analysis. The final lectures are devoted 
to a discussion of the general principles obtained in the 
characterization of all types of organic compounds, in- 
cluding the members of such particular classes as the 
sugars, amino acids, fats, ete. The laboratory course 
gives to the student an opportunity to acquire the 
techniques necessary for characterization problems. 
The general operations are conducted on a milligram 
scale and capillary tube techniques are utilized when- 
ever possible. The first phase of the work is devoted 
to the separation and purification of organic compounds 
by standard techniques such as crystallization, dis- 
tillation, partition, and chromatography, and the 
determination of characteristic physical constants. 
The second phase includes qualitative elementary and 
functional group analysis and the characterization of 
relatively simple known compounds. The third phase 
is devoted to quantitative elementary and functional 
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group analysis and to the use of more advanced physi- 


cal methods for the characterization and separation 
of organic compounds. Abler students are allowed to 
undertake an experimental problem in lieu of certain of 
the standard experiments. 

This work or other professional elective subjects, 
such as inorganic chemistry, nuclear chemistry, photo- 
chemistry, biochemistry, mathematical physics, and 
chemical research, constitute from twenty-five to 
fifty per cent of the work each term, with an elective 
in a humanities course being required each term in ad- 
dition to a one-term course in scientific German, a two- 
term course in current history, and a one-term course 
in the constitution of the United States. 

In the applied chemistry option courses in industrial 
chemistry, chemical engineering thermodynamics, ap- 
plied mechanics and electrical engineering replace those 
in thermodynamic chemistry, inorganic chemistry, 
scientific German, and the professional electives. 

The course in industrial chemistry deals with a 
limited number of the important industrial processes, 
with emphasis upon the application of chemical and 
physical principles to these processes, upon the nu- 
merous problems encountered in the various stages of 
their development, and upon the methods used to 
overcome these difficulties. Numerous quantitative 
problems requiring recourse to ingenuity and judg- 
ment are an important feature of the course. 

The work in chemical engineering thermodynamics 
deals with systems consisting of a single component 
with the objective of familiarizing the student with the 
engineering viewpoint and the need for coordinating 
thermodynamics with mechanics in the solution of 
engineering problems. The subject is developed 
through the use of differential equations, and stress is 
laid upon the behavior of actual substances, methods 
of determining and utilizing their thermodynamic 
properties, and the handling of non-idealized physical 
processes. Extensive problem work is required through- 
out the course. 


GRADUATE INSTRUCTION 


Graduate courses are given by various members of 
the Chemistry and Chemical Engineering Division in 
thermodynamics, statistical mechanics, quantum me- 
chanics, reaction kinetics, the nature of the chemical 
bond, crystal structure, electron diffraction methods, 
photochemistry, nuclear chemistry and isotopes, mo- 
lecular spectra; various courses in advanced topics in 
organic chemistry, in bio-organic ‘chemistry, and in 
immunochemistry; courses in chemical engineering, 
such as volumetric and phase behavior of fluid systems, 
solid-liquid phase equilibria in applied chemistry, the 
thermodynamics of multi-component systems, thermal 
transfer in fluid systems, material transfer in fluid 
systems, and combustion in homogeneous systems. 

Graduate Instruction in Chemistry. The degree of 
Master of Science in Chemistry is awarded upon the 
completion of a full academic year of graduate work. 
Only students with above-average undergraduate 
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records and who are judged to have a capacity for 
advanced work and research are admitted. Ordinarily 
about half of the student’s time is devoted to graduate 
course work, including a required humanities course 
throughout the year, and half to research. An ac- 
ceptable research thesis is required. 

The guiding principle underlying work leading to 
the doctorate is stated in the Institute catalog as 
follows: ‘“‘The degree of Doctor of Philosophy is con- 
ferred by the Institute primarily in recognition of 
breadth of scientific attainment and of power to in- 
vestigate scientific problems independently and ef- 
ficiently, rather than for the completion of definite 
courses of study through a stated period of residence.” 

More specifically, the student must first pass exami- 
nations in general, physical, and organic chemistry, 
and must write a satisfactory report on the progress 
of research before being admitted to candidacy; he 
must then take a certain number of graduate courses in- 
cluding those necessary to fulfill the requirements of his 

“minor” subject; he must acquire the ability to express 
himself clearly and forcefully both orally and in writing, 
and must have a good reading knowledge of German and 
one other approved foreign language; and finally he 
must pass a final oral examination. This examination 
is designed to test his general knowledge of chemistry 
and his ability to defend his thesis as well as certain 
original propositions which he must prepare. These 
propositions, about ten in number, are divided between 
the subject of his research and his major and minor 
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subjects. They are intended to show the originality, 


breadth of interest, and soundness of training of the 
candidate; he is judged by his selection and formu- 
lation as well as by his defense of them. 


Graduate Instructién in Chemical Engineering. 
During a four-year, or even a five-year course of study, 
it is not possible to give a student a working knowledge 
of all parts of chemical engineering. It becomes neces- 
sary, therefore, to direct his efforts to the procurement 
of the most essential training which can be offered in 
that time. In selecting the type of educational pro- 
gram to be followed it is desirable to stress the need 
for a broad and sound foundation in science, and a 
development of cultural interests, which will serve as 
the basis for continued growth of the individual during 
his professional life. Greater importance is assigned 
to the need of each student to learn to think independ- 
ently in terms of his chosen profession, and to enjoy 
such constructive thought, than to his need to become 
familiar with the great mass of knowledge which has 
resulted from past experience. This familiarity with 
facts is much more possible to acquire by one’s un- 
assisted efforts than is the ability to apply principles 
in solving problems presented by unfamiliar situations. 
With these premises in mind, professional studies in 
the field of chemical engineering are not offered until 
the student has reached graduate status. 

These studies begin with the fifth-year course leading 
to the degree of Master of Science in Chemical Engi- 
neering. This work consists of the following: an in- 
tensive calculation course throughout the year based 
upon “Principles of Chemical Engineering” by Walker, 
Lewis, McAdams, and Gilliland; a laboratory course 
calling for five half-days each week; a year of training 
in business economics and administration; and two or 
three other advanced courses. 
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The laboratory work of this fifth year departs from 
conventional unit operations exercises. Its first ob- 
jective is to familiarize the student with precision 
measurements of quantities of engineering importance 
such as temperature, pressure, quantities of materials 
in static and flow systems, etc. Next, studies are made 
in the application of precision measurements to the 
investigation of such basic engineering subjects as 
fluid mechanics, thermal transfer, material transfer and 
diffusion, and the thermodynamics of fluids. Through- 
out the’ year the student is given the opportunity to 
learn methods of approach to original research and to 
the application of research data to the “unit opera- 
tions” of engineering. 

Laboratory work of this type requires individual 
instruction and cannot be given satisfactorily to large 
classes; therefore, admission to this fifth year course ig 
limited at the present time to eight selected men per 
year. This course provides an unusual opportunity 
for engineering education of a type which, without 
giving instruction in the practicalities of the unit 
operations and pilot plant investigations, prepares the 
student to attack practical problems from their funda- 
mental side. During this year effort is made to exer- 
cise and strengthen the student’s engineering judgment. 

Advanced study beyond the fifth-year course may 
lead either to the professional degree of Chemical 
Engineer or to the degree of Doctor of Philosophy. 
The former degree requires at least one year of resi- 
dence subsequent to the receipt of the M.S. degree or 
its equivalent, and the Ph.D. degree requires at least 
two and normally three years after the M.S. degree. 
The engineer’s degree is offered for the benefit of highly 
qualified men with research and development interests 
who cannot undertake the longer period of study lead- 
ing to the Ph.D. degree. The work for either degree 
consists of advanced courses approved by the student’s 
supervising committee of faculty members, and of 
research to the extent of at least half of the student’s 
total time. In the case of the Ph.D. degree, one or 
more minor subjects are taken. These may be chosen 
from the fields of inorganic, organic, and physical 
chemistry; physics; mathematics; and mechanical 
engineering. Chemical engineering is also offered as 
a minor subject in combination with a major subject 
in any of these fields. 

The type of advanced subject in chemical engineering 
which is now being offered to graduate students is 
exemplified by courses given from the engineering 
viewpoint in thermodynamics, phase behavior, fluid 
mechanics, thermal transfers in fluids, diffusional proc- 
esses, and combustion in relation to equilibrium and to 
reaction kinetics. These subjects are developed from 
their analytical aspects but are also interconnected 
with the unit operations. Each graduate course has a 
heavy problem schedule, which is provided in the firm 
belief that the student obtains an effective knowledge 
of a subject only through his own work in it. Student 
groups are kept small, and the instructor maintains 
intimate contact with the student. 
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Research Activities. In general the policy of the 
Division of Chemistry and Chemical Engineering has 
been to direct research toward the solution of certain 
fundamental problems rather than toward the develop- 
ment of applications of known principles. There has 
also been a conscious effort not to consider a problem 
as being restricted to any particular field, but to con- 
sider its implications to the broad field of chemistry 
and to use, in the attempt at its solution, principles and 
techniques from any field that appear to offer promise. 
For this reason in describing below some of the various 
research activities of the division no effort will be made 
toward classification into the conventional divisions of 
chemistry. 

The California Institute is a pioneer in the deter- 
mination of the structure of crystals by the use of 
X-ray diffraction. Several rooms in the Gates and 
Crellin Laboratories house the special equipment 
necessary for this work, including special calculating 
machines for making the extensive computations which 
arise in modern crystal analysis. Most of the X-ray 
apparatus, diffraction cameras, and auxiliary equip- 
ment were designed by the staff and were built in the 
Institute shops. Research problems at present under 
way cover a wide field including determination of the 
structures of inorganic salts, minerals, metals, and 
organic substances. Much attention is now being 
given to new and improved methods for the treatment 
of X-ray diffraction data, involving both the mathe- 


matical problems and the development of practical 


methods for rapid computation. The crystal struc- 


| tures of metals and,alloys are receiving special atten- 


tion because of the contribution which precise knowl- 
edge of the arrangement of the atoms in these sub- 
stances may be expected to make to an understanding 
of the interatomic forces involved and to the theory 
of metals in general. The 
problem of the molecular 
structure of proteins, which 
has attained such wide- 
spread prominence during 
the last ten years, is also the 
subject of a systematic 
attack by X-ray diffraction 
methods. Detailed crystal 
structure studies of the 
amino acids were first 
worked out before the war 
and this work is now being 
continued and expanded to 
in¢élude X-ray diffraction in- 
vestigations of amino acids, 
peptides, and other com- 
pounds related to proteins 
as well as of proteins them- 
selves. This X-ray work, : 
which is directed toward the 
attainment of a complete 
picture of the arrangements 
of atoms in protein mole- 
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cules, is closely integrated with other phases of protein 
research which are in progress in the Division; in 
particular, it is intimately associated with studies of 
the analytical chemistry of proteins by chromatographic 
and other special methods. 

Pioneer work has been done also in the determination 
of the structure of molecules in the vapor state by elec- 
tron diffraction methods, and again the special equip- 
ment for this work has been designed by the staff and 
built at the Institute. The electron-diffraction and 
X-ray laboratories -adjoin and the special calculating 
facilities mentioned above are used jointly. During 
the past 15 years the electron diffraction equipment 
has been used in studies of a great variety of compounds 
whose structures have been of interest to both the 
inorganic and organic chemists. Among recent studies 
have been those made on the structure of the boron 
hydrides and their derivatives. Tetramethyldiborane 
was shown to be essentially a plane molecule which 
tends ‘to support the view that diborane itself has a 
bridge or “protonated double bond” structure rather 
than an ethane-like structure; other investigations 
should help to resolve the unsettled question of the 
nature of such electron-deficient structures. 

The kinetics and mechanisms of reactions have 
recieived considerable attention in the past and work 
in this field is being continued. An example is a study 
at present under way of the reaction between ozone 
and nitrogen. This type of reaction is very rapid, 
but not explosive, and its investigation is being carried 
out with the aid of multiplier phototubes and an oscillo- 
scope; the reaction has been found to be effectively 
complete in 0.1 to 0.5 second. 

Illustrating the application of physico-chemical 
methods to organic chemistry is an investigation, 
recently begun, of cellulose and its derivatives. This 
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work will involve infrared spectrophotometry, studies 
of particle size and shape with the electron microscope 
and by light scattering, studies of polymer-plasticizer 
interaction by light scattering, and the fractionation of 
cellulose materials by newly developed methods with 
the hope of obtaining reasonably accurate information 
on the molecular weight distribution. 

Occasionally in inorganic systems containing the 
same element in two oxidation states an intense colora- 
tion oeccurs—for example, in Prussian blue. Quantita- 
tive studies of such phenomena are being made in the 
hope of improving the understanding of the relation 
between color and electronic levels. Measurements 
are being made of the formal potentials of certain half- 
cell reactions where the molal potentials may be un- 
certain or difficult to apply to the systems commonly 
encountered. Investigations are also being made of 
the distribution of certain metallic chlorides between 
hydrochloric acid and ether solutions in order to estab- 
lish the nature of the reaction and of the compound 
existing in the ether phase. Analytical methods are 
being developed for the quantitative determination of 
“trace” quantities of certain elements by means of an 
apparatus combining coulometric and amperometric 
principles. 

Studies on the mechanism of organic reactions have 
been carried out in these laboratories for over 20 years. 
Current interest in this field is divided among the 
following problems: addition reactions of unsaturated 
compounds, principally those involving hydration and 
the formation of coordination complexes; Walden in- 
version studies, expecially those concerned with re- 
actions of olefin oxides and olefin amines; the chemistry 
of derivatives of glycols, particularly the phosphites. 

During the past six years application of the chromato- 
graphic technique has led to an understanding of cis- 
trans isomerization among the polyenes, particularly 
the naturally occurring carotenoids. Studies in this 
field are still in progress as are extensive investigations 
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as to the nature of the fluorescing but colorless com- 
pounds found in the plant and animal kingdoms. 

. Investigations of the synthesis of cyclobutadiene 
and related compounds, which were in progress prior 
to the advent of the war have been resumed. Work 
in the field of alkaloid chemistry is now centered upon 
the isolation and characterization of antimalarial] 
agents which possess considerable potency. Alkaloids 
have been isolated, one of which is known to be very 
active, and substantial progress has been made in 
the elucidation of the structure of this compound. 

In the field of immunochemistry interest has been 
centered upon the nature of the Rh antigen. In ad- 
dition to these studies investigations are being carried 
out on the nature of the antibody-antigen reaction in 
an attempt to gain some insight into the initial phases 
of this reaction. Studies on the chemical nature of 
the blood group specific substances which have resulted 
in the development of improved procedures for the 
preparation and fractionating of these substances and 
for the evaluation of their homogeneity are being con- 
tinued as are investigations on the brain and spinal 
cord lipids, metabolic antagonists of the naturally 
occurring a-amino acids, and problems of enzyme 
chemistry which were interrupted by the war. 

In the chemical engineering laboratory work which 
has been in progress for nearly twenty years on the 
phase and thermodynamic behavior of hydrocarbons 
is being continued; investigations are in progress con- 
cerning the viscosity of gases and liquids at high pres- 
sures; the influence of turbulence upon heat transfer 
in fluids; and the transfer of material from a quiescent 
liquid to a turbulent gas stream. A calorimeter for 
studying the heat capacities of corrosive liquids at 
elevated temperatures and pressures has been recently 
constructed and will be used to obtain data for the 
calculation of the thermodynamic properties of the 
components of jet propulsion fuels. In addition 
equipment for the study of turbulent diffusion flames 
has been constructed and work upon the influence oi 
turbulence on characteristics of the combustion zone is 
in progress. 

Personnel. The chairman of the division is Linus 
Pauling; he also gives certain graduate courses and 
most of the lectures of the freshman course. The 
laboratory instruction of the freshman course is carried 
out by teaching fellows under the supervision of Nor- 
man Davidson. The sophomore course is given by 
Ernest H. Swift, assisted in the laboratory by teaching 
fellows. The junior course known as chemical prin- 
ciples is given by Stuart J. Bates, Richard M. Badger, 
and E. W. Hughes; the course in organic chemistry 
of the same year is given by Howard J. Lucas, assisted 
in the laboratory by teaching fellows. The senior 
course in thermodynamic chemistry is also given by 


Stuart J. Bates and that in organic chemistry by Carl fh 
The senior courses in inorganic chemistry, & 


Niemann. 
colloid and surface chemistry, and instrumental analy- 
sis are given by Don M. Yost, Richard M. Badger, 
and James H. Sturdivant, respectively. William N. 
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Lacey and Bruce H. Sage divide the instruction of the 
chemical engineering courses. 

Permanent members of the staff engaged in graduate 
instruction and research other than those named above 
are Edwin ‘R. Buchman, organic chemistry; Dan H. 
Campbell, immunochemistry; Robert B. Corey, struc- 
tural chemistry; John G. Kirkwood, physical chem- 
istry; Joseph B. Koepfli, organic chemistry; Verner 
F. H. Schomaker, structural chemistry; Richard C. 
Tolman, physical chemistry; Laszl6 Zechmeister, 
organic chemistry. Visiting professors and research 
associates and fellows are in frequent residence. There 
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are at present a total of approximately 100 graduate 
students, and of this number 50 hold appointments 
as graduate fellows or assistants. 

Acknowledgment. The above has been a cooperative 
effort in that the instructors in charge of their re- 
spective courses have been largely responsiblé for the 
material relating thereto. William N. Lacey has 
contributed the material relating to chemical engineer- 
ing; Robert B. Corey, Carl Niemann, and James H. . 
Sturdivant have been of especial assistance in con- 
nection with the graduate activities. The help of all 
these is gratefully acknowledged. 


A STIRRER FOR VISCOUS LIQUIDS 


During THe course of an investigation of synthetic 
drying oils it was found necessary to agitate thoroughly 
a mixture of two viscous immiscible liquids and at the 
same time to keep in suspension a solid heterogeneous 
catalyst. Because of the nature of the work, metal 
stirrers were thought to be undesirable, hence a glass 
device was required. The reaction vessel was of 500 
ml. capacity, and wide vane stirrers could not pass 
through the narrow neck. Swivel-type stirrers in which 
the vanes are attached by means of glass rings were 
found to be too fragile for the liquids and speeds used. 
Centrifugal stirrers could not be used, for the combina- 
tion of viscous liquid and solid catalyst formed a thin 
slurry which soon clogged the exit holes. 

The successful stirrer was made from a damaged 
volumetric pipet whose bulb was just small enough to 
pass through the neck of the reaction flask. The long 
end served as the shaft of the stirrer, and the other end 
was cut off and sealed so that when immersed in the 
_ffreaction vessel the surface of the liquid would contact 
‘the stirrer at a point about halfway between the nar- 
rowest and widest portion of the bulb, as shown in the 
figure, The sealed stem penetrated the liquid almost 
to the bottom of the vessel and assured good mixing 
Bat 2 point in round-bottomed flasks not usually reached 

by vane-type stirrers. 

In operation the level of the liquid is depressed 


ri “fsomewhat by the whirling pipet; a film of the mixture, 


‘however, is drawn up along the stem of the stirrer and 
’ Breceives acceleration as it encounters the widening of 
he bulb. At the point where the sides of the bulb 
ecome vertical the film is moving rapidly and is 
uddenly detached from the bulb. The result is a 
spray thrown to the sides of the vessel in a direction 
 Hlmost perpendicular to the stirrer. There is no splash- 
“Bng or loss of contents by contact with the stopper. 
rurther, the material is delivered to a point at greatest 
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distance from the stirrer so that new material is con- 
stantly being agitated. 

The apparatus has been used with non-viscous - 
liquids with equal success, and when completely sub- 
merged has been found to keep the water of a large 
constant temperature bath in good circulation. In’ 
this latter case a tendency toward sidewise wobbling 
was overcome by filling the pipet bulb with sand. 





THE WORK OF A PROCESS DESIGN CHEMICAL 
ENGINEER 


Tue Freps of process design and economic studies 
are fields in which chemical engineers play a predomi- 
nant role, for it is here that the unique training which 
is theirs can be used to unusual advantage. 

By way of definition, process design consists of con- 
verting laboratory or pilot scale developments into an 
operable and economical pilot or commercial plant. 
Economic studies involve the determination of optimum 
process flow and equipment design. Depending upon 
the size and organizational structure of the company, 
process design activities may be carried out by a de- 
partment, division, or group, ranging from one man to 
dozens of men. The scope of work performed by proc- 
ess design groups may vary greatly in different com- 
panies, ranging from simple heat and material balances 
to complete plant designs, construction, and operation. 
The location of the process design function may be in 
the research, engineering, or manufacturing depart- 
ments, or may itself be a separate department. 

Young chemical engineers, about to finish school and 
concerned about their future may well ask the question, 
“Tf I accept a position in a process design division of a 
typical large industrial concern, just what sort of work 
shall I be doing?” In order to answer this question, 
we can illustrate the work of a typical process engineer, 
divide it into seven categories, and describe each of 
these. 


PREPARATION OF PROCESS DESIGNS AND PROCESS 
SPECIFICATIONS 


This involves designing full-scale and pilot scale 
plants or designing additions, alterations, and new 
operations for existing plants. The steps employed 
in designing a new plant will illustrate the work in- 
volved in this phase of activity and are described in 
detail. 

Management’s request for a process design will 
usually contain information stipulating such items as 
the location, types of processes to be considered, pro- 
duction quantities desired, quality specifications, and a 
deadline date for completing the process design. This 
last item might well be emphasized at this time. Many 
a good engineer has remained merely an engineer due 
to his inability to get the job done within the required 
time. To the engineer concerned, the deadline may 
appear to be a very arbitrary date invented by some 





1 Presented as part of a symposium “Types of Work Done by 
Chemical Engineers” at the 39th National Annual Meeting of the 
American Institute of Chemical Engineers, December 4, 1946. 
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executive with no appreciation for the engineering 
problems involved. Such a condition is rarely the 
case; the process design completion date being speci- 
fied so as to fit that work into an over-all program in- 
volving other departments, executive meetings, and 
affairs outside the company. If an academically per- 
fect answer is incompatible with the deadline, it is up 
to the engineer to turn out the best possible answer in 
the time alloted. 

In addition to the information supplied with the 
request for design, the process engineer must have, 
readily available, all necessary chemical, physical, and 
design methods data. Chemical data pertaining to 
the reactions involved, their kinetics, and effects of 
operating variables are generally supplied by the 
laboratories or pilot plants wherein the development 
work took place. For old or purely physical processes, 
data in the literature or from previous experience may 
suffice. Most companies with established process 
engineering groups will have built up an extensive 


‘supply of charts and tables giving convenient access to 


the most needed physical properties of materials usu- 
ally encountered. Some companies maintain elabo- 
rate data books which they distribute to their employees. 
Design methods information may be included in com- 
pany data books and is available in many of the texts 
with which students are familiar. 

The first step in preparing a process design is to 
establish the ‘‘bases for design.” In addition to the 
specifications supplied with the request, the design 
will be controlled by such items as the expected operat- 
ing factor, temperature of the cooling water, available 
steam pressures, fuel used, value of by-products, etc. 

Step two consists of drawing a flow diagram showing 
the processes involved and deciding upon the unit 
operations and equipment required. At this stage, 
a number of alternative operations may be available 
and, except for those obviously undesirable, each should 
be given consideration. 

A preliminary stock balance is then constructed for 
each.case. Some of the alternative cases may be dis- 
carded when figures obtained by this means show them 
to be worthless.: 

The fourth step consists of calculating complete 
heat and material balances for the remaining cases. 
The temperature, pressure, and composition is deter- 
mined for every stream in the plant. Stream enthal- 
pies, per cent vaporization, heat duties, viscosities, 
etc., are included where pertinent to the process. 
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With step five, the process engineer starts in at the 
front end of the process and calculates the equipment 
size, changing the stock balance figures as required or 
dictated by economic balances on each piece of equip- 
ment. An experienced process engineer can fre- 
quently take advantage of previous work along similar 
lines to save considerable time. For example, most 
students are familiar with the graphical method of 
determining the optimum reflux ratio for a rectifying 
column by plotting a series of ratios against costs. 
For many design cases, a very usable reflux ratio can be 


far more rapidly approximated by merely multiplying | 


the minimum reflux ratio by a factor, about 1.7. 

Equipment specifications can conveniently be sum- 
marized in the form of tables for presentation with the 
final design report. These tables usually include the 
following: 

(a) Columns (Distillation). In addition to the 
number of plates and operating conditions it is also 
necessary to specify the column diameter, materials 
of construction, plate layout, etc. 

(b) Vessels. In addition to size, which is often dic- 
tated by the hold-up time desired, materials of con- 
struction and any packing or baffling should be speci- 
fied. 

(c) Reactors. Catalyst type and size, bed diameter 
and thickness, heat interchange facilities, cycle and 
regeneration arrangements, materials of construction, 
etc., must be specified. 

(d) Furnaces and heat exchangers. Manufacturers 
are usually supplied with the duty, corrected log mean 
temperature difference, per cent vaporized, pressure 
drop desired, and materials of construction. 

(e) Pumps and compressors. Specify type, power 
requirement, pressure difference, gravities, viscosities, 
and working pressures. 

(f) Instruments. Designate the function and any 
particular requirement. 

(g) Special equipment. Specifications for mechani- 
cal separators, mixers, driers, etc. 

(h) Utilities required for operation. All utilities 

such as steam, gas, water, electricity, fuel, etc., should 
be tabulated. 
. The foregoing is not intended as a complete check 
list, but rather to illustrate the type of summary de- 
sired. The headings employed are particularly suit- 
able to the petroleum industry, with which the author 
is most familiar; others may be desirable for different 
industries. 

After completing step five, the sixth step consists of 
preparing a final flow diagram showing all of the equip- 
ment, including the instruments and the flow quantities 
and condition. 

The seventh and final step in preparing a typical 
“B process design involves writing the report which will 
‘— present the results of the design work. It is not within 
the scope of this discussion to consider the subject of 
report writing, other than to emphasize its importance. 
Management’s contacts with engineers start with 
reports written by the engineers. A poor impression 
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resulting from a poorly written report will offset untold 
quantities of excellent engineering calculations and 
ideas. 


PROCESS AND EQUIPMENT DEVELOPMENT 


The process engineering group is not only in a posi- 
tion to fulfill the necessary function of designing new 
plants but can be instrumental in the company’s 
achieving an advanced position in its field through the 
development and design of new processes and process 
equipment. This work may involve the initiation, 
programming, and review of laboratory and pilot plant ° 
work, the design and operation of experimental equip- 
ment, and the correlation of results obtained therefrom. 
An economic study of these results must be made in 
order to determine optimum operating conditions and 
equipment for further process development. In ad- 
dition, it is occasionally necessary to develop new 
mathematical treatments for process equipment de- 
velopment. 


DEVELOPMENT OF DESIGN METHODS 


The preceding section was concerned with developing 
new processes and equipment. By developing new and 
improved methods of designing plants, regardless of 
whether the process or equipment is new or old, the 
chemical engineer adds to his stock of tools and im- 
proves his efficiency. The use of design methods, pre- 
viously developed by others, occupies much of the 
student’s time during his last few years at college. 
The popular texts provide background material for 
comprehending and using established methods; these 
are the tools which distinguish chemical engineering as 
a unique field of applied science. This work involves 
engineering research on unit operations and special 
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equipment, review and development of new design 
methods, and collecting and correlating design data. 


PROCESS EVALUATION 


When considering a new plant it is generally neces- 
sary to make preliminary designs on a number of al- 
ternative processes, evaluation of which must be made 
before launching into the details of a complete process 
design. Such an evaluation must not only consider the 
dollar sign, but must also evaluate the operability and 
flexibility of the processes. Economic evaluations, 


whether for comparing new processes or selecting op-: 


timum operative conditions or equipment size include 
the three following steps: 


(a) Investment Cost Estimate 
Cost of equipment delivered to site 
Cost of erection 
Cost of engineering 
Cost of land 

Operating Cost Estimate 
Labor and supervision costs 
Maintenance costs 
Cost of chemicals 
Cost of raw materials 
Utilities expenses 
Insurance and taxation costs 
Depreciation 

(c) Over-all Economic Analyses 

Payout versus prices 


(0) 


The economic evaluations prepared by the process 
engineers are often used to determine the company’s 
course of action, although in many cases more exact 
estimates are prepared by special company analysts. 
A large percentage of the cost data which are available 
to process engineers is based upon past experiences. 
Other engineering groups, especially those who must 
order the materials and equipment, may be advan- 
’ tageously called upon to prepare estimates of some 
details. Final economic analyses are generally pre- 
pared by the cost analysts who have an intimate famili- 
arity with the procedures involved, actual operating 
and utility costs, distribution of overhead expenses, 
etc. 

Important in the field of process evaluation is the 
work which process engineers must do to keep abreast 
of the developments in the field. This involves fol- 
lowing the literature, attendance at professional meet- 
ings, and personal contacts with others with similar 
interests. 


PLANT CONSTRUCTION FOLLOW-UP 


” Following the completion of process design and evalu- 
ation work by the process engineers, and final cost 
estimates by the accounting department, construction 
engineering details are generally handled by either the 
contractor’s engineers or engineers within the company. 
This phase of activity may vary widely in scope, de- 
pending upon the nature of the company and its organi- 
zational setup. It is not uncommon for the mechanical 
engineering group of a company to prepare equipment 
specifications, handle purchase orders, and carry out 
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the engineering necessary during construction. The 
process engineer will, under such a setup, review the 
process design (if supplied by the contractor), review 
the piping and instrument diagrams, plot plans, and 
equipment design drawings. He will be called upon to 
answer questions pertaining to the process design and 
offer his opinions on such items as materials of con- 
struction, instrumentation, and alternate operations, 
It is advisable for the process engineer to inspect the 
plant construction as it proceeds, particularly if he is 
to have the responsibility for its technical service during 
initial operation. 


TECHNICAL SERVICE DURING INITIAL OPERATION 


Familiarity with the various phases of the design 
makes the process engineer well suited to assist with 
the technical service of a new plant during its early 
stages of operation. 


CONSULTANTS FOR VARIOUS GROUPS 


In a large company, many other departments will 
ask questions, answers to which require the wide 
experience or specialized training of the chemical 
engineers. Subjects typically referred’ to this group 
for explanation or education are heat transfer, fluid 
flow, thermodynamics, reaction kinetics, mathematics, 
costs and economics, and industrial chemistry. 

The prerequisites for a successful process design 
engineer can be ascertained, in part, from the pre- 
ceding discussion. A list of desirable qualifications 
should include the following: 


(1) A degree from an established chemical engineering school. 
Although some men with only a B.S. do quite well, it is the 
author’s personal opinion that the time spent at school obtaining 
an M.S. degree is worth while. In addition, there is a demand 
for men of outstanding ability who have done the work necessary 
for a Ph.D. degree but it should be stressed that it is not a man’s 
degree but his applied ability on the job which will determine his 
success. 
¢ (2) Previous experience in such fields as technical plant service 
or operating work are desirable. Advantage might well be taken 
of summer vacation jobs to gain some practical experience. 

(8) Sound basic training. This may sound like a duplication 
of Item 1, but thinking students realize that it is possible to 
graduate from the best of schools without absorbing or even pring 
exposed to some of the following important subjects: 

(a) Fundamental chemical principles 

(b) Physics 

(c) Physical chemistry 

(d) Thermodynamics 

(e) Mathematics (differential equations are important) 

(f) Industrial chemistry 

(g) Unit operations 

(h) Control and instrumentation 

(7) Materials of construction 

(j) Economics 

(4) Ability to write and speak clearly and forcefully in order 
to transmit the results of technical endeavor to management. 


Having defined “process design” and “process 
evaluation,’”’ we have followed the flow of a new process 
plant from an idea through management’s request fot 
design, then through the detailed steps of design, evalu- 
ation, construction engineering, and finally initial 
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operation of the plant. The seven major activities of 
process engineering have been described and their 
relation to the new plant discussed. On the outline 
of this background we have listed an imposing array of 
qualifications for a good process engineer. In con- 
clusion, it is fair to consider the question, ‘what, are 
the advantages of process design work?’ Of im- 
mediate appeal to many chemical engineers is the fact 
that process design offers a direct application for their 
specialized training. Nowhere is chemical engineering 
ability more completely needed and appreciated. The 
young chemical engineer will find he is working with 


A NEW TYPE OF 


Or rae various voltameters that have been devised, 
the silver and iodine voltameters have produced the 
best results frog, which the value of the Faraday’ may 
be calculated. Some uncertainty concerning the reli- 
ability of the value still exists, particularly in con- 
nection with the determination of some of the other 
constants.” 

Examination of an atomic weight table will show the 
reason for the present limitation to the values from the 
silver and iodine voltameters. Since the equation for 
for the calculation of the Faraday is 

pore equivalent weight 
electrochemical equivalent 
the atdmic weight of the element used must be accu- 
rately known. This has limited the possible reactions for 
use in a voltameter to a very few elements. 

Many of the systematic errors in the silver voltam- 
eter such as solubility of the deposit, effect of acid on 
the deposit, inclusions in the deposit, etc., are inherent 
in the handling of a deposit of one metal on another. 
While the iodine voltameter is not subject to the same 
sources of error, others such as loss of iodine and reaction 
of iodine with water are present since iodine is a some- 
what reactive free element. 

During the course of a general review of the various 
voltameters, certain ideal characteristics have emerged. 
While it may not be possible to find a reaction which 
can fulfill all the ideal characteristics, at least a basis for 
criticism and selection will be established. 

1 Brreg, R. T., Rev. Modern Phys., 13, 233 (1941). 


2 Birag, R. T., Phys. Rev., (2) 60, 766 (1941). b 
* Monsanto Fellow, The Ohio State University, 1946-47. 








-M Present address: Mallinckrodt Chemical Works, St. Louis, 


Missouri. 
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men who speak his language and understand his prob- 
lems. Process design work provides a broad picture of 
over-all company operations through varied and in- 
teresting activities, and logically forms a firm foun- 
dation for future steps into the ranks of management. 
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VOLTAMETER 


WILLIAM MARSHALL MACNEVIN and 
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The characteristics of an ideal voltameter reaction 
are: 

1. The reaction should be homogeneous and should 
involve only ions, no free elements. 

2. The atomic weight of the element or ion involved 
must be accurately known. 

3.. The reaction should be absolutely reversible. 

4, The reaction should proceed at a relatively low 
potential to reduce the probability of side reactions. 

5. Sound and relatively simple analytical methods 
capable of high accuracy should be applicable to the 
determinations involved. 

6. The preparation of pure materials for use in the 
voltameter reaction should not be of extreme difficulty. 

The restriction placed on the choice of a reaction by 
Condition 2 has resulted in the past in some of the other 
characteristics being disregarded. It is interesting to 
note that since the work on the iodiné voltameter was 


done, the value for the Faraday obtained with it has 


changed twice due to a change in the value for the 
atomic weight of iodine. Oxygen is the only element 
whose atomic weight is invariably defined and is there- 
fore in this respect the ideal element for voltameter 
measurements. However, the oxygen gas voltameter 
is subject to a large number of systematic errors, which, 
coupled with the difficulty of manipulation and meas- 
urement, make it unsatisfactory for precise use. 
There is a method by which oxygen may be used as 
the element involved in a voltameter reaction without 
using a gas voltameter. Consider, for example, an ele- 
ment M, which exhibits two oxidation states, M! and 
M!", for which the corresponding stable oxides are MO 
and MO... Assume that conditions for the electrolytic 


(Continued on page 591) 





A MODIFICATION OF THE PERIODIC TABLE 


In THEIR review of types of graphical classifications of 
the elements, G. N. and Mary Battell Quam (4) refer 
to those two-dimensional tables in which the elements of 
each period are arranged in a single series as “long 
charts.” Mendeleev’s so-called vertical table, pub- 
lished in 1869, was of this type, while his better-known 
table of 1872 contains two series of elements in each 
long period and is therefore regarded by the Quams as a 
“short chart.’”” The Quams subdivide the long charts 
into Werner and Bayley types, the difference being 
that in the latter an attempt is made to show the rela- 
tionships within the short chart groups without de- 
stroying the advantage of the simplicity of the Werner 
type. 
Werner’s original table was published in 1905 (7) 
and was designed to overcome the difficulties en- 
countered in placing certain elements in the periodic 
system, especially the 8th group and rare earth ele- 
ments. Werner regarded the grouping of elements 
into a single space as an emergency measure necessitated 
by an endeavor to consider too many analogies. Wer- 
ner’s table therefore showed only one element in each 
tabular space. 

Modifications of Werner’s table have been made in 
subsequent years; the latest of these is that recom- 
mended by Laurence 8. Foster (1). These modifica- 
tions contravene Werner’s implied principle of one 
element, one space, in that they group together the rare 
earth metals in one or two tabular spaces. 

An outstanding contribution made in Werner’s 
table was the determination of the width of the table 
by the length of the longest period. However, this 
introduced in all but the longest periods many medial 
gaps which were not intended to represent undiscovered 
elements. Modifications of Werner’s table, such as 
that of Foster, reduce the number of these medial 
gaps by the expedient of again grouping together the 
rare earth elements in one tabular space, without in- 
tending to imply that they are isotopes. 

The existence of even the reduced number of medial 
gaps, and the use of subsidiary tables for the rare earth 
elements, detract from the simplicity with which long 
charts display the periodic law, and verbal descriptions 
of the construction of the charts are very involved. 
Furthermore, the work of Seaborg (6), Kiess, Hum- 
phreys, and Laun (3) makes it desirable that the 
transuranium elements shall be allocated to their cor- 
rect positions in the main table. 

It is therefore proposed to show that the following 
simple prescription leads to the construction of a long 
chart which possesses only those medial gaps which 
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imply elements which have not yet been isolated, and 
which displays in full the rare earth elements and their 
known homologs. The resulting table transfers the 
emphasis from the inert gases: to the alkaline earth 
metals, and for this some justification is offered on the 
basis of atomic structure. 

Construction of the New Long Chart. In order of in- 
creasing atomic number, starting with hydrogen, the 
elements are placed in a horizontal series from left to 
right until the first alkaline earth metal has been 
placed; a new series is then commenced ‘below the 
former and sufficiently far to the left to allow the second 
alkaline earth metal to fall directly below the first. 
After the second alkaline earth metal has been placed, a 
third and succeeding horizontal series are similarly 
formed, in each case starting sufficiently far to the left 


-to allow each alkaline earth metal to fall vertically be- 


low those terminating the previous series. 

The decision as to which elements constitute alka- 
line earth metals may rest either on the chemical 
properties of the elements, or may be m&de by determin- 
ing their atomic numbers from the expression: 


By = YF2 Gy 1 + By +1) +15 + 15(-» 


where y is any positive integer. This expression is the 
sum to y + 1 terms of the mathematical series: 


2X 13,2 K 13/2°X 2,2 X24. 2K 33, 2x Sex se ... 


The Relationship of the New Long Chart to That of 
Werner.. In all modern modifications of Werner’s 
table, such as that of Foster, the elements Be and Mg 
have been transferred to positions above Ca. If, now, 
H is transferred to the position above F, and the two 
left-hand groups, headed by Li and Be, are moved to 
the right of the table in such a way as to preserve the 
order of increasing atomic numbers, the new long chart 
(Figure 1) is obtained. 

Chemical Relationships Displayed by the New Long 
Chart. This derivation of the new long chart from 
that of Werner ensures that the chemical relationships 
displayed in the latter are retained, with the exception 
that H is now grouped with the halogens instead of 
with the alkali metals. In describing the periodic 
system, W. G. Palmer (4) wrote in 1944 that: 


The ambiguity in the position of the lightest element, hydro- 
gen, gave rise to lively dispute, and in the course of time opinion 
swayed between placing it as the first halogen, or as the first 
alkali metal. ..it is hardly worth while at the present time to 
rehearse the various arguments used to support the one or the 
other position. 


Nevertheless, it may be pointed out that it does not 
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Figure 1 


seem to be generally recognized that the hydrogen atom 
tends rather to complete than to lose its electronic 
shell. Thus, the so-called hydrogen ion is nearly 


always solvated, e. g., as H:0 ‘H+. Unsolvated hy- 


drogen ions occur as H~ in molten metal hydrides. If 
the existence of protons in the gaseous state be used as 
an argument in favor of grouping H with the alkali 
metals, similar argument would class helium with the 
alkaline earth metals. 

Vertical and Horizontal Relationships. The elements 
at the left of the new long chart show very strong 
chemical relationships along the two horizontal series; 
one of these horizontal groups of closely related ele- 
ments is referred to by Foster as the Lanthanide Series 
of rare earth elements, while Seaborg has suggested 
that the second of these horizontal groups shall be 
called the Actinide Series. Proceeding toward the 
right of the chart, the transitional elements are en- 
countered; these elements show only slight horizontal 
similarity. Still further to the right the coinage metals 
(Cu, Ag, and Au) and volatile metals (Zn, Cd and Hg) 
show strong vertical relationships. To the right of the 
volatile metals the relationships become very strong 
along vertical lines, while horizontal relationships 
almost disappear. 

This gradual change from strong horizontal relation- 
ships at the left of the chart, to strong vertical relation- 
ship at the right, is marked by the stepped form of the 
new long chart. : 

Integral Zones. The new long chart displays: the 
elements in integral zones (solid blocks) of related ele- 
ments. Thus the lowest step, at the left of the table, 


contains the rare earth elements; the next step con- 
tains the transitional elements. At the right of the 
table are the alkali and alkaline earth metals; these may 
be regarded as constituting a zone of alkaline metals. 
To the left of the alkaline metal zone is one consisting 
of only the inert gases. At the left of these gases, 
omitting the contentious case of hydrogen, is a triangu- 
lar zone of valencied nonmetals, cornered by B, F, and 
element 85 (Astatine). The elements As, Se, Sb, and 
Te, which show sufficient metallic and nonmetallic 
properties to render classification difficult, form a 
square zone overlaying the middle of the hypotenuse 
of the triangle. 

Between the triangle of valencied nonmetals and the 
volatile metals is another triangular zone, cornered by 
Al, Tl, and Po. This zone contains all the metals 
having fragmentary p electron subgroups. 

The main zones may therefore be enumerated as 
follows: 


(i) Rare earth metals. 
(ii) Transitional metals. 
(iii) Coinage and volatile metals. 
(iv) Alkaline metals. 
(v) Inert gases. 
(vi) Valencied nonmetals. 
(vii) p-valencied metals. 


The Periods and Groups of the New Long Chart. The 
period number of an atom in the new long chart may be 
found in the following way. The principal quantum 
number of each electron in the atom is added to its 
serial quantum number, and the maximum sum thus 
obtained is the period number of the atom. 


The hydrogen atom possesses only one electron; its 
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principal quantum number (n) is 1, and its serial 
quantum number (I) is O: hence the period number of H 
is 1 + O = 1. Similarly, both electrons in He have 
n-+1= 1. Hence the first period of the new chart 
contains H and He. 

Lithium has three electrons having the following 
values for n, 1, and n + I: 

n+l_- 
1 


1 
2 


The maximum value of n + I for Li is therefore 2, 
hence Li belongs to period 2. Be also has a maximum 
value of 2 for n + lI, while all other atoms have (n + 
D) max, > 2. Thus Li and Be constitute the second period 
in the new long chart. 

The first two periods (H, He, Li, Be) a are shown in the 
same top horizontal series of the new chart; every 
subsequent period occupies a new horizontal line. 
The start of each new period marks the formation of a 
new electronic subgroup, or the duplication of an 
existing subgroup in another shell. Thus the first 
period contains atoms possessing only one s subgroup 
of electrons; period 2 contains two s sub-groups with 
no electrons of higher serial quantum number. Period 
3 differs from the preceding by having one or more p 
electrons in one subgroup, while period 4 has two such 
p subgroups, but no d or f electrons. Period 5 marks 
the formation of a d subgroup; in period 6 a second d 
subgroup exists, but there are no f electrons. In 
periods 7 and 8, atoms possess one and two f subgroups, 
respectively. 

The formation of a new period is thus marked by a 

suddenly increased complexity of the electron group- 
ings, and this always occurs immediately after He or an 
alkaline earth metal. In earlier tables the start of a 
new period was marked by the formation of a new shell, 
little cognizance was taken of the electronic subgroup- 
ings. 
- There exists in this new long chart some lack of 
symmetry in that only the first two periods are written 
in the one horizontal line. This difficulty is probably 
no more serious than is usually found in placing H, 
and sometimes He, in earlier tables. ‘It is perhaps 
possible to write the first three periods thus: 


H He 
Li Be 
BCN OF Ne Na Mg 


In this way H is grouped with the alkali metals, in- 
dicating a tendency to form H+ ions; since such ions 
are known probably only in gas discharge tubes, and 
He** also occurs in such tubes, the argument leads to 
the grouping of He with the alkaline earth metals, 
and the marked differences in chemical properties 
between H and the alkali metals, and between He and 
the alkaline earth metals, can be ascribed to the con- 
siderable differences in atomic volumes. Acceptance 
of this view would produce an even more symmetrical 


table than that given in Figure 1, but the transfer of He 
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from the inert gases tu the alkaline earth metal group 
is so radical that it is not recommended. In this 
connection attention is drawn to the fact that in 1929 
C. Janet (2) proposed such a transfer in his so-called 
helicoidal classification. Janet wrote: 


It has hitherto been customary to place helium at the head 
of the Group of inert gases. A number of considerations, hov.- 
ever, point to this element being regarded at the head of the 
alkaline earth metals 


A further point of interest in Janet’s table is that an 
intermediate step taken by him in the production of 
his helicoidal and spiral tables was the laying out of the 
elements in a manner closely similar to the present 
proposed long chart. Janet’s insistence on coiling the 
chart, together with the paucity of explanation, cause 
Janet’s table to be regarded as only touching the fringe 


_ of the present arrangement. 


The number of elements in the yth period of the new 
long chart is given by: T, = 1/2 (y + */2 — 1/2 (— 1),)? 
this expression is the yth term of the series: : 

2X 13,2 X 18,2 XK 23,2 XK 23,2 X 38, 2 K 33,2 X 4%... 


and differs from the Rydberg series in having its first 
two terms identical, and therefore appears to be more 


symmetrical. 
It has already been mentioned that from this series 


the atomic number Z, of the yth alkaline earth metal 
may be expressed by: 


UF? yt t+ 2y 40) + 


11/, + 
In the same way the atomic number of the yth element 
of any vertical group of elements is given by: 


Zy = 2y+1)-1 
Zy = Ty+1) -—2 
Zy =2y+1)-3 


Z = 2y+1) = 
+ 1'/,(-1) 


For an alkali metal: 
For an inert gas: 
For H or a halogen: 


For a member of the oxygen group: 


= YES oy 4 a 4+ By +2) + 
11/. — 11/,(—1)¥ —4 


= Z(y+2)—-4 


For a member of the nitrogen group: Zy = 2(y +2) —5 
For a member of the carbon group: Zy = Uy+2) —6 
For a member of the boron group: Zy = Uy+2) -—7 


For a volatile metal: 


uty +4)? +2y +4) + 
Bh, — PAl-oF — 6 


= Z2(y+3)-8 = 


Zy = y+ 3) -—9 


For a coinage metal: 


The remaining elements (the rare earth, transitional 
and transuranium elements) do not form well-related 
vertical groups. 

Advantages of the New Long Chart.: The fact that 
the construction of ‘the new long chart can ‘be fully 
described in a simple sentence offers a considerable 
pedagogic advantage over the more commonly used 
tables which introduce what, at least to a student, 
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appear to be ad hoc adjustments. By avoiding the 
expedients of grouping elements into single spaces, 
subsidiary tables, and meaningless medial gaps, the 
new chart demonstrates more clearly the periodic law. 

The gradual change from horizontal to vertical rela- 
tionships is clearly displayed, and the appearance of 
related elements in integral zones gives further regular- 
ty to the arrangement. 

The regularity is also improved by the fact that the 
numbers of elements constituting periods form a more 
complete mathematical series than Rydberg’s in that 
all the known. terms are duplicated. This has the fur- 
ther advantage that the algebraic relationships can 
be demonstrated between the period number and 
atomic number of any member of any related vertical 
group, and between the period number and the first two 
quantum numbers in any atom. 

By terminating the periods with alkaline earth 
metals, accent is thrown upon the effect of an increase 
in complexity of electron grouping on chemical proper- 
ties. 

Summary. A modified Werner type of periodic table 
is constructed by placing the elements in a horizontal 
series from left to right in order of increasing atomic 
number until the first alkaline earth metal has been 
placed. A second series is commenced below and suf- 
ficiently far to the left to allow the second alkaline 
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oxidation of M!! to M!” are known and that precise 
analytical methods for each have been established by 
using weights of pure MO and pure MO:. A known 
weight of MO in solution is placed in a cell and oxidized 
electrolytically with the current and time being meas- 
ured by some standard means. The oxidation is run 
under conditions which so far as is known give 100 per 
cent current efficiency. At the end of the electrolysis 
the remaining weight of MO and the weight of MO, 
formed by electrolysis are determined. The difference 
between the MO at the end and the MO originally pres- 
ent is the weight of MO oxidized. The difference be- 
tween the weight of MO, at the end and the weight of 
MO oxidized is the weight of oxygen which is equiva- 
lent to the number of coulombs passed through the cell. 
Thus the amount of electricity-is directly related to a 
weight of oxygen. The atomic weight of M is not 
needed at any time. Hence any element that forms 
soluble oxides may be used. In this manner, any un- 
certainty in the value of F due to experimental error in 
the atomic weight is removed, since 
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A reaction of this type is an oxygen transfer reaction, 
and the name, oxygen transfer voliameter, is proposed for 
a voltameter using such a reaction. 






NEW TYPE OF VOLTAMETER 
(Continued from page 587) 
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earth metal to fall directly below the first; subsequent 
series are formed by repeating this procedure. 

The resulting chart displays the usual groups of re- 
lated elements and also shows a regular change from 
horizontal to vertical relationships, seven integral 
zones of related elements, and changes in the complexity 
of electronic grouping. The rare earth elements and 
their homologs are placed in the table without recourse 
to an isotopic grouping, subsidiary tables or medial 
gaps. 

The number of the period to which any atom be- 
longs is the maximum sum obtained by adding together 
the first two quantum numbers of each electron. The 
numbers of elements constituting the periods form a 
Rydberg series with the first term duplicated. 
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This approach to the determination of the value of 
the Faraday enables one to choose which of many re- 
actions most closely fits the characteristics of an ideal 
voltameter reaction. In this way a reaction with the 
least number of systematic errors can be used, and the 
resultant value of the Faraday will then have a smaller 
degree of uncertainty. In fact, the value of the Fara- 
day finally determined should be quite accurate since 
the possible errors will be small enough in number that 
the determination of their sign and magnitude will not 
be the tremendous undertaking of the silver and iodine 
voltameter work. 

It is also worth noting that while the atomic weight 
of the second element involved is not needed in the de- 
termination of the Faraday, if the analytical methods 
are established for the voltameter use and the proper 
chemical reaction is known, the atomic weight of the 
element can be very accurately determined. In this 
way the ratios of the atomic weights of several different 
elements to oxygen could be determined directly. 

The oxygen transfer voltameter offers a new ap- 
proach to the problem of the determination of the value 
of the Faraday. With the increasing importance of a 
reévaluation of the Faraday, use of an oxygen transfer 
reaction should result in a value with much smaller un- 
certainty than the present accepted value of the Fara- 
day. 









BERNHARD PRAGER—Editor of Beilstein 


1907-1933 


Now raat organic chemists are interested more 
than ever before in problems of classification, indexing, 
and nomenclature, it is fitting that we pay tribute to a 
man due the greatest gratitude for his fundamental 
achievements in these fields. 

Bernhard Prager, together with Paul Jacobson, has 
created in the fourth edition of Beilstein’s “Handbuch 
der Organischen Chemie” a work that provides or- 
ganic chemists all over the world with the indispen- 
sable literary tool for orientation in the forest of or- 
ganic compounds which grows constantly more dense. 

Prager, who would have been 80 this year, was born 
in Berlin on May 12, 1867. He studied there in A. 
W. von Hofmann’s laboratory and received his Ph.D. 
in 1890 with a dissertation on pseudoureas. For the 
following eight years he was associated with the Anilin- 
farben-Fabrik Nétzel, Istel & Co. in Griesheim, where 
he supervised and improved the manufacture of benzi- 
dine, tolidine, and dianisidine. However, this work 
did not satisfy him as a permanent vocation and he 
looked for another field of activity. 

In 1899 when the German Chemical Society started 
the publication of supplementary volumes to the third 
edition of Beilstein’s ‘Handbuch der Organischen 
Chemie,” Paul Jacobson, its editor, looked for a collabo- 
rator. Prager applied for the position, which suited 
his inclinations, though in the beginning it was very 
modest and did not seem promising financially. 

During his collaboration on the supplementary 
volumes from 1899 to 1906, Prager published papers on 
aliphatic-aromatic azo compounds, on the tinctorial 
behavior of the three isomeric hydroxyazobenzenes, and 
(with Cl. Flamand) on analysis of compounds with 
nitrogen-nitrogen linkage according to Kjeldahl’s 
method. He could carry out this experimental work in 
the Hofmannhaus laboratory; later on, to his great 
regret, he had to abandon his experimental studies 
because of lack of time. 

After completion of the supplementary volumes to the 
third edition of Beilstein in 1906, the German Chemical 
Society on Jacobson’s advice decided to prepare a 
completely revised fourth edition covering the literature 
up to January 1, 1910. Prager, who had shown re- 
markable qualifications for the critical and systematic 
editing of the literature, was chosen as the editor for 
this important undertaking. Jacobson, who, in ad- 
dition to his extensive activity as General Secretary of 
the German Chemical Society, wanted most of all to 
further the completion of his well-known textbook 





1 The writer was a member of the Beilstein staff from 1907 to 
1937. 


DORA STERN! 
New York, New York 


Birthday Celebration in the Beilstein Office 


(Victor Meyer und Paul Jacobson, ‘Lehrbuch der 
Organischen Chemie’’), still took time to assist Prager 
with his rich experience until his death in January, 
1923. In the course of the years a close friendship 
between them developed from this collaboration.? 

The first task in editing the fourth edition was the 
elaboration of a new system of classification, since the 
system used in the third edition was not adequate to 
cope with the steadily increasing flood of chemical 
compounds. This system was devised in 1907 with 
such logical acuteness and such foresight that it has 
met all requirements up to this day. It is evident that 
this comprehensive classification, in addition to serving 
its immediate purpose, may be used quite generally as 
a code for filing organic chemical compounds. 

A detailed exposition of the system appeared in the 
first volume of the Handbuch (pp. 1-46) and in the 
book “System der Organischen Verbindungen. Ein 
Leitfaden fiir die Benutzung von Beilsteins Handbuch 
der Organischen Chemie,” by B. Prager, D. Stern, 
and K. Ilberg (J. Springer; Berlin, 1929).* 

In this country, knowledge of the system was 
chiefly promoted by E. H. Huntress through his 


2 Prager paid tribute to his friend in an impressive obituary 
published in Ber., 57A, 57 (1924). : 

3 For shorter treatises see Fr. Ricuter, ‘“‘Wie benutzt man 
Beilsteins Handbuch der Organischen Chemie?” in Z. angevu. 
Chem., 38, 1096-8 (1925), and the pamphlet by Fr. RicuTsr with 
K. Inpere, “Kurze Anleitung zur Orientierung in Beilsteins 
Handbuch der Organischen Chemie” (J. Springer, Berlin, 1936) 
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publication, “A Brief Introduction to the Use of Beil- 
stein’s Handbuch der Organischen Chemie” (first 
edition 1930, second edition 1938; John Wiley & Sons 
Inc., New York) and through his lectures on the use of 
chemical literature at the Massachusetts Institute of 
Technology since 1924. 

After the new system was developed, the whole 
material of the third edition had to be rearranged 
accordingly; at the same time it was subjected to a 
critical revision from 1908 to 1912. Finally the litera- 
ture up to January 1, 1910, had to be covered. In 
1916, when the compilation of the manuscript from 
the collected material started, contradictory state- 
meits in the literature were not infrequently discovered. 
In such cases, the authors were questioned, if possible, 
or experts were consulted; even new experimental in- 
vestigations were carried out for the purpose of clari- 
fication. 

At the end of 1918, during World War I, the first 
volume finally appeared. Many volumes followed as 
the result of assiduous work during the next fifteen 
years. In recognition of his achievements the title 
of professor was bestowed upon Prager and he was 
awarded the Hofmannhaus medal on the occasion of 
the half centenary celebration of the foundation of the 
German Chemical Society. 

In editing the huge mass of material, it became neces- 
sary to study thoroughly questions of nomenclature. 
In the first place, names were used which were in har- 
mony with the classification on which the Beilstein is 
based. In addition, other names currently in use were 
included. However, because of the great number of 
names used in the literature, a suitable choice had to be 
made, and, in particular, inexpedient or even incorrect 
names had to be eliminated.* 

In connection with this activity, Prager was elected 
amember of the German Commission on Nomenclature 
in 1924. In 1930 the Verband Deutscher Chemischer 
Vereine named him as its representative at the con- 
ference of the International Union of Chemistry 
(Commission on the Reform of the Nomenclature of 
Organic Chemistry) at Liége. 

The study of the naming and numbering of chemical 
compounds led to a correspondence with Austin M. 
Patterson, who was working on a system of numbering 
ring systems. In 1925 Patterson visited Berlin and 
discussed nomenclature problems with Prager and other 
editors of the Deutsche Chemische Gesellschaft. On 
this occasion he took a picture showing Prager on the 
balcony of the Hofmannhaus. 

The. house and the man no more exist. The Hof- 
mannhaus was destroyed by a bomb during World 
War II. Prager, long before the war, had prematurely 
relinquished his position under the influence of the 
Nazi regime. When he, a Jew himself, was asked in 
May, 1933, to dismiss his two youngest collaborators 
because of racial reasons, his answer was his resigna- 


Bernhard Prager, May, 1934 


tion. His successor was Friedrich Richter, a member of 
the Beilstein staff since 1918 and editor of the supple- 
mentary volumes to the fourth edition since 1923. 

Prager did not long survive the separation from the 
work to which he had devoted every effort. He died 
August 30, 1934, of a heart attack®. 

His health had been delicate from childhood and 
only by wrestling heroically every day with this ob- 


-gstacle could he achieve his great task. 


His work was nearly all-consuming. In the little 
spare time that remained for his private life, he liked 
to study philosophical works—particularly Schopen- 
hauer and Spinoza—in musing solitude and to pore over 
the classics of world literature. However, Prager, who 
remained a bachelor, was by no means a recluse. He 
had sound common sense and took a strong interest 
in public affairs. 

Despite the handicap imposed on him by nature, his 
character was candid, his disposition even-tempered. 
He displayed a delightful sense of humor and had the 
serenity of a sage who sees things from a long range 
point of view. Absolute integrity, complete fair- 
mindedness, extraordinary unselfishness, and constant 
willingness to give active help distinguished him and 
won him the affection of his fellow men. 

This spirit prevailed also among the editorial staff 
which he had built up in the course of the years. It 
was this working in harmony that made possible the 
accomplishment of the voluminous task. By his ex- 
tensive knowledge in the field of organic chemistry, 
by his critical judgment, by his ability to organize, and 
by his unremitting diligence, Prager set a constantly 
inspiring example for his collaborators. His complete 
devotion to the work entrusted to him has developed 
the Beilstein into what it is—the absolutely reliable 
handbook, the ‘‘organic chemist’s Bible.” 





‘See Pracer’s paper “Zur Nomenklatur der organischen 
Chemie” in Z. angew. Chem., 42, 1055-9 (1929). 


5 A short obituary of Prager by Fr. Richter was published in 
Ber., 67A, 166-7 (1934). 





LABORATORY EXPERIMENTS DEALING WITH 
THE MANUFACTURE OF PAINTS | 


INTRODUCTION 


As a result of World War II, interest in science and 
engineering has been strongly developed and today a 
large number of students has become interested in 
the industrial phases of chemistry. Returning vet- 
erans seem to have shown a greater preference for scien~ 
tific and engineering education than formerly. 

The paint industry has been steadily growing in 
importance and volume for many years, and an even 
greater’ growth is now expected due to reconstruction 
after the war. To quote some of the inevitable statis- 
tics'—in the year 1939, there were 1160 , uint estab- 
lishments with 38,154 workers employed and the value 
of paint products amounted to $434,960,890 of the 
total figure of $56,843 ,024,800 for all industry combined. 
The estimated figure for 1944? was $700,000,000. 

It would seem logical that some information about 
a 500-million-dollar industry could be included in the 
general chemistry course. There is at least one college 


which includes the topic of paint in a chemistry course? . 


—Adrian College (Adrian, Michigan) gives a non- 
professional course in the second semester which in- 
cludes as one of the topics “Surface Protection,” in- 
cluding “paints.” No doubt there are othene and will 
be more in the future. 

The following experiments have ee written with 
the idea of using easily obtained apparatus and reagents, 
and also involving as little time and wasted effort as 
possible. They have actually been tried and it would 
seem from the results obtained by the students that 
there is ample justification for the inclusion of a dis- 
cussion of paint manufacture in the general chemistry 
course. 


EXPERIMENT I. PREPARATION OF PIGMENTS 


There are four essential parts to an ordinary paint: 
(1) pigment, (2) vehicle, (3) thinner, and (4) drier. 

The pigment is usually an insoluble colored sub- 
stance, some examples of which will be prepared in this 
experiment. The vehicle is a liquid, such as linseed 
oil, soybean oil, etc., or a varnish, which serves as a 
means of dispersing the finely ground pigment. The 
thinner serves to dilute the paint to a point where it 
can be easily applied to a surface by means of brush, 
spray, or dipping. Common thinners are turpentine, 
mineral spirits, naphthas, etc. The drier is usually a 


1 16th Census of the United States, Vol. 1, pp. 32-3 (1940). 
2 Morgan, D. P. ann F. Tasor, Chem. and Eng News, 23, 


Jan. 25, 1945. 
§ ScHRoYER, J. B., J. Coem. Epuc., 22, 197 (1945) 





F. S. BOIG 


Northeastern University, Boston, Massachusetts 


complex organic compound of cobalt, lead, or man- 
ganese; these are catalysts which speed up oxidation 
of the vehicle and hasten the “drying time.” 
In this experiment some of the more common pig- 
ments will be prepared. ) 
Materials: Normal solutions of the f ollowing: 
Fe(NOs)s 
KyFe(CN)¢ 
Pb(NOs)2 
K.Cr.0,7 
SbCl; 
NaeS.0; 
K.CrO, 
NaOH 
NH,OH 


Preparation of Pigments 


Blue (Prussian Blue). To10cc. of 1 N ferric nitrate 
solution in a 100-cc. beaker, add 10 cc. of 1 N potas- 
sium ferrocyanide solution. Filter. Carefully re- 
move the filter paper from funnel and scrape off the 
wet precipitate with a spatula, putting the precipitate 
on a watch glass, which is placed in an oven to dry. 
When dry it can be ground in a mortar and pestle. 
Save the finely ground precipitate for later use. (Di- 
lute ammonium hydroxide may be used for cleaning 
mortar and pestle.) 


4Fe(NOs); + 3K,Fe(CN). — Fes[Fe(CN)s]s + 12KNO; 


Yellow (Chrome Yellow). To 10 cc. of 1 WN lead 
nitrate or lead acetate solution in a 100-cc. beaker add 
10 cc. of a 1 N potassium dichromate solution. Filter 
and wash precipitate, then place in an oven to dry. 
Grind to a fine powder in a mortar and pestle and save. 


2Pb(NOs)2 - K.Cr.07 H.O oa 2PbCrO, oe 2KNO; a 2HNO; 


Red (Antimony Red). To 30 cc. of 1 N antimony 
trichloride solution add 40 cc. of saturated sodium 
thiosulfate solution and heat gently for several minutes 
until a red precipitate forms. Filter and wash pre- 
cipitate with dilute HCl. (Why?) Transfer precipi- 
tate to a watch glass, dry in oven, and save. 
2SbCl; + 2NaS8.0; + 3H,O — 

SbOS, + 4NaCl + 2H.SO, + 2HC! 

Green (Brunswick. Green). In a 400-cc. beaker, 
place 25 cc. each of ferric nitrate and ledd nitrate. 
In a 100-cc. graduate or beaker mix 20 cc. potassium 
dichromate and 20 cc. potassium ferrocyanide. Pour 
this with stirring into the contents of the larger beaker. 
‘What is the result? Filter with gentle suction, wash, 
and dry. (Use of nitrates prevents formation of a 


Ferric nitrate 
Potassium ferrocyanide 
Lead nitrate 
Potassium dichromate 
Antimony trichloride 
Sodium thiosulfate 
Potassium chromate 
Sodium hydroxide 
Ammonium hydroxide 
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precipitate that is too colloidal for easy filtration; 
however, the filtration is slow.) Explain the color. 


2Pb(NOs3)2 + K2Cr2O7 + H,0 — 2PbCrO, + 2KNO; + 2HNO 
4Fe(NO;)3 + 3KiFe(CN)s — Fe[Fe(CN)s]s + 12KNO; 


Orange (Basic Lead Chromate, Chrome Orange). 
Pour 10 cc. of 1 N lead nitrate solution into a 150-ce. 
beaker and add 5 cc. of 1 N potassium chromate solu- 
tion. What happens? In a second small beaker or 
test tube, place 10 cc. of 1 N lead nitrate solution and 
add 4 ce. of 1 N sodium hydroxide. What happens? 
Transfer the contents of the second beaker or test tube 
to the first beaker. Add a small amount of water and 
heat gently for several minutes. Describe the changes 
that take place. Filter, dry the precipitate in an oven, 
and save. 


PbCrO, + Pb(OH): — PbCrO,.Pb(OH).2 


White (to be used in case a Titanox pigment is not 
available for Experiment II). To 20 cc. of 1 N lead 
nitrate solution add dilute ammonium hydroxide until 
precipitation is complete. Filter: Place filter paper 
and precipitate on a watch glass, dry in oven, and save. 
(A lead hydroxide precipitate works better with linseed 
oil than does a zine hydroxide.) 


Pb(NOs;)2 + 2NH,OH — Pb(OH), + 2NH,NOs 


These pigments will be used in the next experiment. 


EXPERIMENT II. PREPARATION OF COLORS 


Materials: 


White (Titanox C, 

White from Expt. I) 
Yellow (Lead Chromate) 
Blue (Prussian Blue) 
Red (Antimony Red) 
Linseed oil 


or Orange (Basic lead chro- 


mate) 
Green (Brunswick Green) 
Black (Animal charcoal, 
lampblack, boneblack, 
or carbonblack) 


Preparation of the Paste. On a flat, glazed, white 
porcelain plate place a small amount of solid Titanox 
C or White from Expt. I. Add linseed oil dropwise 
from a medicine dropper, and with a flat spatula mix 
the oil and pigment intimately, keeping the paste which 
is formed .in as small an area as possible. Add more 
linseed oil if necessary to keep a workable paste. Note 
the color. 

(Nore: Before adding a new colored pigment, put 
aside with the spatula into a corner of the plate a small 
sample of the pasteto which the new color is to be added. 


Then a comparison can be easily drawn between the old — 


and new colors and the effect of the color added.) 

As soon as the pigment and oil are intimately mixed 
and the color noted add small amounts of yellow, with 
drops of linseed oil as necessary to maintain a workable 
paste. Note the progressive changes of color. 

When several small additions of yellow have been 
made add in very small amounts some Prussian Blue 
pigment. Note the progressive changes of color. 
Does the resulting color correspond with that which 
you would have predicted from your general knowledge 
of elementary colors? 
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Color Combinations. 
mix to make: 


(a) Gray (light and dark) 
(b) Green (light and dark) - 
(c) Orange 

(d) Purple 

(e) Brown (light and dark) 
(f) Army Olive Drab 


Justify your predictions by mixing the colors with 
linseed oil as above and determine whether or not you 
were correct. 

By the method employed in this experiment ap- 
proximations in color can be made to correspond with 
a given sample of a colored paint and then can be made 
up and tinted more accurately. 


EXPERIMENT III. PREPARATION OF A PAINT 
Part A. Preparation of a Blue Paint. 


Formula 


17.0 g. TiO» (Titanox A) 
19.0 g. Prussian Blue 
40.0 g. Linseed oil 
100.0 g. Mineral Spirits (or turpentine) 
4.0 g. Lead drier 


180.0 g. (makes about !/, pint) 


Procedure: Weigh out 17.0 g. of Titanox A and 19.0 
g. of Prussian Blue. Grind the pigments carefully in a 
mortar, grinding small amounts at a time to obtain 
best results. When the pigment is ground as finely as 
possible, place in a 500-cc. beaker. 

To the ground pigment in the beaker add 40 g. of 
linseed oil (vehicle) and mix intimately with a glass 
stirring rod or spatula to a homogeneous workable 
paste. Notice the adsorption of oil by the pigment. 

After a homogeneous paste has been obtained, add 
the mineral spirits or turpentine (thinner) in small 
amounts of 20 cc. at atime. After the first addition of 
20 cc., stir thoroughly, noting the viscosity (or “thick- 
ness’’) of the paint. Repeat this procedure twice, with 
20 cc. of thinner each time, and after stirring thor- 
oughly, note the thinning down of the paint. After the 
third addition of thinner, the paint may be thin enough 
for general use, although more thinner is usually re- 
quired for the market product since the pigments are 
more finely ground and consequently adsorb more 
thinner. 

In order to speed and facilitate the drying of the 
paint upon application to a surface a drier must be 
added. Add 4.0 g. (about 3.5 cc.) of lead drier or a 
prepared drier. (A “prepared drier” is a composition 
drier, usually available in paint stores with full direc- 
tions as to quantity to be added to the paint.) 

With the exception of some of the thinner which may 
‘have been withheld, and the fact that the pigment 
particles have not been as finely ground, this paint is 
approximately what you would buy in the market for 
a blue house paint. 

(Continued on page 599) 


Tell what colors you would 








SOME DEFINITIONS IN QUANTITATIVE 
ANALYSIS 


“Wren 1 use a word,” Humpty Dumpty said, in a 
rather scornful tone, ‘it means just what I choose. it to 
mean—neither more nor less.’”’ The situation would be 
chaotic if everyone adopted the rather egoistical atti- 
tude of Humpty Dumpty, but it is nevertheless true 
that usage is more important than etymology in giving 
meaning to a word. If, however, a technical word (or 
any word, for that matter) is used in many different 
ways, it may cease to have any clear meaning. For 
example, as Hammett has pointed out (9), “valence” 
has been used in so many different senses, some of them 
contradictory, that the term has become one with a very 
vague meaning. In the present paper attention will be 
drawn to a number of words, commonly encountered in 
quantitative analysis, which now have confused, am- 
biguous, or contradictory meanings, or else are in danger 
of becoming less meaningful than they should be. And 
further—in an effort to encourage thought and discus- 
sion—suggestions are advanced regarding “proper” 
usage. Clarity of expression cannot be achieved unless 
terms have a precise meaning (“A name need not be 
etymologically sound but it should certainly be defini- 
tive” (3)), and it needs to be emphasized that “the 
scientist, of all people, is under obligation to write, not 
only so that he may be understood, but so that he can- 
not be misunderstood” (17). 

Technique (Technic). Most of the textbooks concerned 
with the practical aspects of quantitative analysis 
offer suggestions and directions regarding the technique 
of the subject (and thereby imply what is meant by 
technique) but all too few books attempt to define the 
word. The etymology of technique helps to explain the 
meaning usually attached to it by chemists: it is de- 
rived from rexvixds, of or pertaining to art, artistic, 
skillful. A person who has a good command of the 
technique of quantitative analysis is skilled in the ma- 
nipulations and operations of analytical chemistry; he 
is practiced and expert in the handling of chemical ap- 


paratus, and he is adroit and ingenious in using scientific - 


equipment for the carrying out of weighings, titrations, 
precipitations, filtrations, evaporations, ignitions, etc. 
The possessor of technique is a careful practitioner, his 
work is organized, and it is carried out in a sure, deft, 
and facile manner. We may be reasonably certain that 
Mr. Sherlock Holmes (who was an analytical chemist of 
some accomplishment (6, 20) was familiar with tech- 
nique when we read from the record of Dr. Watson: 
“ ..he was possessed of extraordinary delicacy of 
touch, as I frequently had occasion to observe when I 
watched him manipulating his fragile philosophical 
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[z. e., scientific] instruments.” I think that all of these 
ideas are or should be involved in the meaning of tech- 
nique as applied to analytical chemistry. Technique 
has been defined (7) as the details of a method of pro- 
cedure, but such a definition is to be deplored.. 

Analytical Chemist and Chemical Analyst. A chemi- 
cal analyst has been defined (12) as ‘‘one who has a good 
command of the quantitative technique, with or with- 
out a thorough understanding of the chemistry of the 
analytical processes involved.” A chemical analyst in 
this sense of the expression (cf. the very different defi- 
nition of Lundell (14)) need not be a chemist as defined by 
the Council of the American Chemical Society (2). An 
analytical chemist may be defined as a properly qualified 
chemist who has made a special study of both the theory 
and practice of analytical chemistry: he has a working 
knowledge of the specialized literature of analytical 
chemistry, he is aware of the sources of error in analyti- 
cal work, he is qualified to assess the applicability of a 
given method of analysis to a particular case, he has had 
training and experience in the solving of analytical 
problems, 7. e., the devising of new analytical proce- 
dures or the adaptation of old ones to new uses. 

Precision and Accuracy. It is to be regretted that 
these terms are frequently used interchangeably or 
otherwise misused. Precision should be used with 
reference to the reproducibility of a determined value, 
whereas accuracy is a measure of the correctness of the 
determined value. There is ample authority for the 
use of these terms in the senses given (e. g., 12, 15, 21, 
25). Speaking strictly, the accuracy of a determina- 
tion is never assessed, because the degree of correctness 
can be ascertained only if the exact (true) value is 
known, and the latter is unknowable. In the best prac- 
tice, the accuracy of a determination is measured by the 
divergence of the value obtained from what is consid- 
ered to be the most probable value of the quantity on 
the basis of analyses carried out by skilled investigators 
who have critically examined their methods for sources 
of error. 

Coprecipitation, Occlusion, Postprecipitation, etc. In 
probably no branch of analytical chemistry is the ter- 
minology more varied than in that dealing with the 
contamination of precipitates. Before illustrating the 
confusion it will be well to point out that there appears 
to be general agreement regarding what, in general, is 
to be understood by two of the terms commonly used, 
adsorption and postprecipitation. Contamination of a 
precipitate by adsorption means that the foreign sub- 
stance is on the surface and not inside the precipitate. 
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Postprecipitation refers to the phenomenon whereby a 
second (and usually undesired) precipitate slowly pre- 
cipitates after the precipitation of the desired substance, 
or primary precipitation, is “complete” or virtually so 
(this phenomenon is not to be confused with simulta- 
neous precipitation, by which is meant the precipitation 
of two or more substances at the same time). - 

Now the divergent usages merit attention. The 
term occlusion has been used to refer to contamination 
of a precipitate by the incorporation into the body of it 
during its formation of foreign substances whether or 
not the latter give rise to mixed crystal formation (solid 
solution) (e. g., 12, 21, 25). It has been used to include 
both solid solution phenomena and contamination of 
the precipitate by adsorption (9); it has been used to 
indicate contamination by basic salts and other sub- 
stances not adsorbed and not in solid solution (4); and 
] have heard a noted analytical chemist reserve the term 
to indicate the contamination of a precipitate by me- 
chanically trapped solute or solvent ions or molecules. 
No doubt one could locate other senses in which occlu- 
sion is or has been used; the term is almost omnivo- 
rous. Coprecipitation is used to describe the contami- 
nation of a precipitate by a substance or substances nor- 
mally soluble under the conditions of the precipitation 
or the term may include contamination caused by post- 
precipitation. The term inclusion has been used in one 
or other of these senses. And, it may be added, 


coprecipitation has heen used with the meaning of simul- 
taneous precipitation. 
I would suggest that the term coprecipitation be re- 


served to describe the contamination of, a precipitate 
by soluble impurities regardless of whether the impurity 
is on the surface or within the precipitate. Postpre- 
cipitation refers to the relatively slow precipitation of a 
second substance not soluble, or at least not completely 
soluble, under the conditions employed to encourage the 
development of the primary precipitate. This phenom- 
enon is, therefore, on the basis of the definition recom- 
mended for coprecipitation, a distinct but related one. 
It is urged that coprecipitation phenomena be sub- 
divided into two classes: adsorption, or surface contami- 


nation, and occlusion, in which case the impurities are 


located in, rather than on, the precipitate. The usages 
so far recomménded are those of Kolthoff and Stenger 
(13). 
or suspected, I suggest that this be indicated using terms 
such as those given in the classification below: 


Contamination of Precipitates 
(1) Postprecipitation 
(2) Coprecipitation 
A. Adsorption 
B. Occlusion 
(a) Solid solution 
(b) Chemical reaction 
(c) Mechanical 
(d) Other (if any) 


If the contaminating ions are built into the crystal 
lattice of the precipitate one may speak of occlusion by 


When the mechanism of the occlusion is known, 
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solid solution or occlusion of the solid solution. type. 
When base is added to a solution of certain salts (e. g., 
those of aluminum) the ratio of hydroxyl ions to other 
anions in the gelatinous precipitate of hydrous oxide 
may vary rather considerably (12). There is reason to 
believe that the extraneous anions are coordinately 
bound to the metal ion (24), and in such a case it would 
be reasonable to refer to the contamination as occlusion 
due to chemical reaction. When solute ions or solvent 
molecules are lodged in submicroscopic cracks and pores 
of a crystal lattice (caused by distortion of the lattice as 
a result of the presence of extraneous ions in solid solu- 
tion) or carried down in an amorphous precipitate by 
enmeshment and trapping, the expression mechanical oc- 
clusion may be applicable. It is to be noted that occlu- 
sion may be preceded by adsorption; this is true of occlu- 
sion of the solid solution type. 

Whereas .coprecipitation is wholly objectionable in 
ordinary gravimetric work, the phenomenon is used very 
advantageously (e. g.,-in radiochemistry (8)) for the 
carrying down of relatively small quantities of highly 
desired substances. An interesting and important re- 
cent application is the separation of plutonium from 
uranium by coprecipitation of the former with an un- 
named “carrier” precipitate (23). The specificity of 
coprecipitation phenomena is well illustrated by the fact 
that Pu++++ is coprecipitated with the “carrier,” but 
Put+++++ is not. 

Adsorption and Absorption. As has just been noted, 
coprecipitation may be occasioned by adsorption*, a 
surface phenomenon. One speaks, however, of the 
absorption of a gas by a liquid and of the absorption of 
light by a solution. Absorption is not a surface phe- 
nomenon; rather, it involves the permeation of a liquid 
or a solid (palladium may absorb hydrogen). 

Multiplicate and Replicate. The word replicate has 
been used in the chemical literature in the sense of re- 
peated (e. g., “...the variation between replicate deter- 
minations” (22)). As an adjective, replicate usually 
refers to something folded over or folded back upon itself, 
according to the New English Dictionary on Historical 
Principles, Funk and Wagnalls New Standard Diction- 
ary, and Webster’s New International Dictionary (2nd 
edition, unabridged). Of these authorites only Webster 
gives a second meaning such as mutifold, manifold, or 
repeated. It should be said that the use of replicate to 
mean repeated has little to recommend itself from an 
etymological standpoint. Surely a more appropriate 
word to convey the desired meaning is multiplicate. 
There is authority in all the aforementioned dictionaries 
(and in others) for the use of multiplicate in this sense. 
Its etymology is sound, and its relationship to duplicate, 
triplicate, etc., is clear. 

Acidimetry and Alkalimetry. Acidimetry has been 
defined (4, 7, 21, 25) as the determination of an acid by 
titration with a standard alkali solution; it has also 





* In view of the established use in analytical chemistry of such 
expressions as adsorption, adsorption indicator, and chromato- 
graphic adsorption, it seems futile to draw attention to the 
advantages of the term “sorption” (16). 





598 


been defined (12) as the titration of a base with a stand- 
ard acid solution. If argentimetry (or argentometry) is 
used, as it commonly is, to denote or imply the use of a 
standard silver solution in quantitative analysis, then it 
would be consistent to reserve the term acidimetry for 
titrations in which a standard acid is employed, and to 
employ alkalimetry for titrations in which a standard 
base is involved. It should be noted that alkalometry 
is a term to be used only in connection with alkaloids, 
and that an alkalimeter has nothing directly to do with 
alkalies but is an apparatus for the determination of 
' carbon dioxide (an acidimeter, on the other hand, is an 
obsolete term (7) for a hydrometer). 

Iodimetry and Iodometry. These terms have been 
used interchangeably (7) to refer to volumetric methods 
which involve a titration using either a standard iodine 
solution or a standard thiosulfate solution. The gen- 
eral usage, however, is to reserve the expression zodim- 
etry for application to those titrations involving the 
use of a standard iodine solution. The use of a stand- 
ard solution of thiosulfate (to titrate liberated iodine) 
has been denoted as todometry (e. g., 12, 15), thiosulfatim- 
etry (18), and indirect iodimetry (21). The objection 
to iodometry is that it is very easily confused with todim- 
etry; the other expressions are somewhat cumbersome. 
The use of thiometry could be recommended if thio salts 
other than thiosulfate were not used in analytical work, 
but the importance of thiocyanate precludes such a 
term. Certainly some standardization of terminology 
is highly desirable. 

Balance and Scales. Chemicals are weighed in the 
analytical laboratory using a balance; potatoes are 
weighed in the market place on scales. 

Equivalence Point and End Point. When the amount 
of a standard solution containing x equivalents of the 
reagent has been added to a solution originally contain- 
ing x equivalents of the substance being determined, 
the equivalence point of the titration has been reached, 
whether or not the analyst is aware that this correspon- 
dence has been attained. This stage at which chemi- 
cally equivalent quantities of the reactants have been 
brought together is sometimes called the theoretical end 


point (a poor expression) or stoichiometric point. In - 


certain textbooks of quantitative analysis one finds end 


point defined in a manner that is either wrong, meaning- . 


less, or inadequate. It is hoped that if criticism is 
directed at the following definition, it will be only on 
the grounds of inadequacy: the end point of a titration 
has been reached when sufficient reagent has been added 
to the solution being titrated to cause the auxiliary sub- 
stance known as the indicator to exhibit its character- 
istic color change; or when the reagent brings about 
some other pronounced change in the physical proper- 
ties of the solution (e. g., appearance or disappearance 
of fluorescence or turbidity, of colored precipitate or 
colored adsorption complex, of color due to excess of 
one of the reactants) which investigation has shown to 
occur at or close to the equivalence point. One 
endeavors to arrange matters so that the difference be- 
tween the end point and the equivalence point is as 
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small as possible. This difference is known as the 
titration error (13). : 

Cubic Centimeter and Milliliter. These terms refer 
to different quantities, although many students con- 
sider the expressions to be synonymous. The cubic 
centimeter is directly related to the meter; on the other 
hand, the milliliter is derived from the liter, which is 
the volume occypied by a mass of exactly one kilogram 
of water at the temperature of its maximum density 
(3.98°C.) and under normal atmospheric pressure. 
Originally it was intended that the mass of the kilogram 
should be equal to that of one thousand cubic centi- 
meters of water at the temperature of its maximum 
density. This conveniently simple relation was not 
realized, for it has been shown that one liter is equiva- 
lent to 1000.028 cubic centimeters. For very many 
purposes the difference between a cubic centimeter and 
a milliliter (amounting to one part in approximately 
thirty-five thousand) is of no consequence, but this is no 
excuse for referring to the thousandth part of a liter, 
the generally accepted unit of volume, as a cubic centi- 
meter. It needs to be added that the use of the oral 
abbreviation mil for milliliter is unnecessary and unfor- 
tunate; as the term mil is used to designate a wire 
measurement (1/1000 inch), its use in the sense of a 
volume is to be deprecated. 

Titrémetric and Volumetric. The writer supports 
Mellon’s plea (18) that the term titrimetric be used to 
designate procedures in which there is measured the 
amount of a standard solution chemically equivalent to 
the substance being determined. The term volumetric 
should be reserved for analyses in which the volume of 
the substance being determined is ascertained. 

Concentrated and Strong (Also Dilute and Weak). It 
is conceded generally that a strong acid is one which in 
solution is highly or virtually completely ionized.t A 
concentrated acid, on the other hand, is one in which the 
molarity is relatively high. The distinction between a 
concentrated solution and a dilute solution is a relative 
and arbitrary one, but a 10 M solution of sulfuric acid 
is certainly a concentrated one and a 0.01 M is a dilute 
one. 

In view of the fact that the adjectives strong and weak 
as applied to electrolytes have an established and recog- 
nized relevance to the degree of ionization, it is a pity 


.that the terms are so often used with the sense of con- 


centration. For example, the expression “strong acid 
solution” has been used (11) to denote an aqueous 
solution in which the pH is less than one, which is, of 
course, a very different thing from a “solution of a 
strong acid’ which might have any pH value below 
seven. In important and valuable works on chemical 
analysis (1/1, 18) one finds “weak acid” used to mean a 





+ The strength of an acid depends, among other factors, on 
the proton-accepting tendency or protophilic nature of the 
solvent. Hydrochloric acid remains a strong acid in methanol 
and ethanol, whereas nitric acid is a weak acid in these solvents 


(10). In an acidic solvent possessing no basic properties, such 
as hydrogen chloride, even a substance which is normally a strong 
acid is unable to exhibit its acidic properties because there are 
no proton-accepting molecules present -(4). 
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solution in which the pH is greater than one (and, pre- 
sumably, less than seven), “very weak acid” used in 
reference to a solution with a pH of five to six, and “di- 
lute acid” solution denoting one with the pH of two to 
three. There is no need to employ weak and dilute as 
synonymous terms, and, at least for students, the usage 
is a confusing one. 

It is not expected that readers will agree whole- 
heartedly with the viewpoints expressed above and with 
all the usages recommended. But it is hoped that this 
paper may encourage those who are particularly inter- 
ested in the terminology of quantitative analysis to 
further the establishment of a consistent nomenclature 
in this field. Students of analytical chemistry are at 
present to some extent justified in referring their profes- 
sors to Alice’s Adventures in Wonderland: “Speak 
English!’ said the Eaglet. “I don’t know the meaning 
of half those long words, and, what’s more, I don’t be- 
lieve you do either!’ 
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LABORATORY EXPERIMENTS DEALING WITH THE MANUFACTURE OF PAINTS 
(Continued from page 595) 


Part B. Preparation of a Light Green Paint. 


Formula 


53.0 g. Titanium Calcium (Titanox C) 
11.5 g. Calcium carbonate 
7.5 g. Chrome Yellow Light 
0.8 g. Prussian Blue 
40.0 g. Linseed oil 
36.0 g. Mineral Spirits (or Turpentine) 
4.5 g. Lead drier 


147.3 g. 


Follow same procedure as in Part A. 
PartC. Preparation of a Red Paint. 


Formula 


13.5 g. Toluidine Toner 
10.5 g. Calcium carbonate 
40.0 g. Linseed oil 
112.0 g. Mineral Spirits (or Turpentine) 
4.0 g. Lead drier 


180.0 g. 


Follow same procedure as in Part A. 


SUGGESTIONS 


1. -It would be advisable to obtain the required 
dry pigments at a hardware or paint store, rather than 
to take the time necessary to make thém in the labora- 
tory. Average time consumed when pigments are 
supplied (Expt. III) is one and one-half hours for each 
part. 

2. Should it be necessary to make the pigments in 
the laboratory, use the pigments referred to in the pre- 
vious experiments, omitting the red. Quantities: neces- 
sary are as follows: 

260 cc. 1 N KyFe(CN)s 
250 cc. 1 N Fe(NOs)3 
25 cc. 1 N K,Cr20;7 
50 cc. 1 N Pb(NOs); 
500 cc. 1 N Ca(NOs)2 
500 cc. (NH,)2CO; 
360 cc. t N Pb(NOs;)2 com- 
pletely precipitated with 
dil. NH,OH 


20 g. Prussian Blue 
7.5g. Chrome Yellow Light. . 
22 g. Calcium carbonate 


55 g. Lead white 





e MODELS ILLUSTRATING THE PRINCIPLES OF 
OPTICAL ACTIVITY 


'T’o PARAPHRASE a statement credited to Prof. T. M. 
Lowry,' the real theory of optical rotatory power is re- 
vealed to the mathematician, but is concealed from the 
chemist. Nevertheless it seems desirable that the 
chemist should have some concept of the nature of 
optical rotation if only to satisfy his ego. The writer 
has tried to obtain a physical picture of the phenomena 
involved and has constructed a series of models to 
illustrate them. The present paper is an attempt to 
transmit to teachers of organic chemistry, as painlessly 
as possible, any insight that he has acquired, so that 
they in turn may be able to impart it to the average 
student. The author realizes that his knowledge is 
superficial, but hopes that any shortcomings of the 
present article will stimulate some better qualified per- 
son to present the true picture in words of one syllable 
and without mathematical equations. 

Three general types of theory currently are discussed, 
namely, the coupled oscillator theories of Born and of 
Kuhn, the polarizability theory of Kirkwood, and the 
one-electron or single oscillator theory of Kauzmann, 
Walter, and Eyring.? All of these theories have been 
expressed in terms of quantum mechanics, but the 
coupled oscillator theories can be explained by classical 
mechanics. Perhaps because of this circumstance the 
writer is of the opinion that the coupled oscillator theory 
of Kuhn is most capable of providing a physical picture 
of the phenomenon. 

Before discussing optical activity, it will be desirable 
to review some of the properties of light. Wave motion 





1 Born, M., Proc. Roy. Soc. (London), [A] 130, 86 (1935). 

2 For an extensive review and bibliography see.W. J. 
KauzmMann, J. E. Watter, anp H. Eyrina, Chem. Rev., 26, 
339-407 (1940). 
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Figure 2. Propagation of Plane Polarized Light 


may be caused by longitudinal vibrations or transverse 
vibrations. In a longitudinal vibration such as a sound 
wave, the vibrations are parallel to the direction of 
propagation and are symmetrical around the direction 
of propagation. In a transverse vibration, such as an 
ogean wave, -the vibrations are perpendicular to the 
direction of propagation, and there is a lack of sym- 
metry. Ordinary light does not show a lack of sym- 
metry, but it can be converted into a wave lacking 
symmetry by polarization. Hence ordinary light must 
be a transverse vibration in all planes perpendicular to 
the direction of propagation. 

According to Maxwell’s electromagnetic theory of 
light, there are two vector quantities associated with a 
ray of light, the electric induction and the magnetic in- 
duction. They are mutually perpendicular, and both 
are perpendicular to the direction of propagation of the 
light. Atoms consist of negative electrons and positive 
nuclei, and if light is electromagnetic in character, it 
would be expected to react with them. Since for dia- 
magnetic substances the magnetic permeability differs 
from 1 by <10-, the effect of the magnetic vector of 
light may be disregarded and the whole effect attributed 
to the electric vector. This electric field will cause a 
relative displacement of the negative and positive par- 
ticles of the atoms with the production of dipoles. 
Since the electric vector of the light is vibrating, it will 
start vibrations in the dipole which will reémit the ab- 
sorbed energy. If the frequency of the light is the same 
as that of the particle, the energy of the light will be 
converted completely into heat, and the spectrum of the 
particle will show an absorption band at this frequency. 
If, however, the frequency of the light is different from 
that of the induced vibration, the particle will reemit 
light of a different frequency; that is, the light will be 
scattered. The diminution in energy of the incident 
light caused by the scattering slows down the light ray, 
causing refraction. The velocity of light in any ma- 
terial medium is equal to the velocity in a vacuum di- 
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Model 1 


vided by the refractive index. The ease with which the 
electrons are displaced from the nucleus is known as the 
polarizability of the atom. The polarizability will be 
greater, the greater the number of valence electrons and 
the farther away they are from the nucleus. Hence the 
atomic refractions increase in the order hydrogen < car- 
bon < chlorine < bromine < iodine. Because of the 
greater mobility of electrons in a double bond than in a 
single bond, the refractivity of the double bond is the 
greater. 

Although light is vibrating in all planes perpendicular 
to the direction of propagation, each of the electric vec- 
tors may be considered to be the resultant of two com- 
ponents at right angles to each other. When light 
passes through any crystal, except one belonging to the 
cubie system, in any direction, except that of the optic 
axis, the velocity of the component of light vibrating in 
one plane is different from the velocity of the component 
vibrating in the other plane. The result is double re- 
fraction and the separation of the light into its two com- 
ponents. In the case of crystals belonging to the hexa- 
gonal or tetragonal system one component is refracted 
even when the incidence of the light is perpendicular to 
the face of the crystal, and is known as the extra- 
ordinary ray because it does not obey the ordinary laws 
of refraction. The other component obeys the laws of 
refraction and is known as the ordinary ray. Double 
refraction of a calcite crystal is illustrated diagrammati- 
cally in Fig. 1. The operation of the Nicol prism, the 
common device used to separate these two rays and 
produce plane polarized light, is too well known to need 
review here. 

The propagation of plane polarized light may be 
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represented by Fig. 2 which shows the instantaneous 
magnitude of the electric vectors throughout a given 
distance. The behavior of the vectors during propa- 
gation of the wave may be visualized by moving the 
boundary of the sine wave along the direction of propa- 
gation. Each electric vector maintains a fixed position 
and direction, but varies continuously in magnitude 
from zero to +1 to zero to —1 to zero. Model 1 repre- 
sents two sine waves of equal amplitude at right angles 
to each other, but the wave in the horizontal plane is 
90° out of phase with that in the vertical plane. The 
resultant of the two plane waves, obtained by adding 
the vectors at all points along the axis of the ray, is‘a 
left-handed spiral looking toward the source of the 
light, and represents the propagation of circularly polar- 
ized light. If the spiral is moved without rotation in 
the direction of propagation of light, the electric vectors 
of the circularly polarized beam will not change in 
amplitude, but will rotate in a clockwise or right-handed 
direction. If the sine wave in the horizontal plane had 
been out of phase with that in the vertical plane by 90° 
in the opposite direction, the spiral would have turned 
clockwise and the resultant electric vectors of the circu- 
larly polarized ray would have rotated in a counter- 
clockwise direction. 

Model 2 illustrates what happens when d and | circu- 
larly polarized rays travel in phase with the same veloc- 
ity. By omitting the spirals, one can see that the sine 
waves in the horizontal plane cancel each other while 
those in the vertical plane reinforce each other. Hence 
the resultant is a plane polarized wave of twice the 
amplitude of the circularly polarized waves. To sum- 





Model 2 
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marize, circularly polarized light may be considered to 
consist of two components of plane polarized light at 
right angles to each other and 90° out of phase, while 
plane polarized light may be considered to consist of 
two waves of circularly polarized light that are in phase 
but of the opposite sign. 

Fresnel was the first to postulate that the rotation of 
plane polarized light in passing through an optically 
active medium is due to circular double refraction; 
that is, one circularly polarized component of the plane 
polarized wave travels slower than the other. Since 
the velocity of light is equal to the frequency times the 
wave length, and since the frequency always remains 
constant, a decrease in velocity requires a decrease in 
wave length. This decrease in wave length of the re- 
tarded circularly polarized wave has been greatly exag- 
erated in Model 3 where it has just half the wave length 
of the faster circularly polarized beam. If all the com- 
ponents of the waves in Model 3 are added vectorially, 
Model 4 is obtained. It can be seen that it is a plane 
polarized wave that is continuously rotated as it passes 
through the medium. It is of interest that, using the 
D line of sodium, the difference in refractive index for 
d and | circularly polarized light in the case of a com- 
pound having a specific rotation of 100° is about 3 X 
10-*. The refractive index for the D line of ordinary 
light for most liquids is 1.3 to 1.7, that is, the difference 
from the refractive index in vacuum is 0.3 to 0.7. 
Hence optical activity is the result of an optical disturb- 
ance that is less than one hundred thousandth of that 
causing ordinary refraction. : 

Granting that the rotation of the plane of polariza- 
tion of plane polarized light is caused by the fact that. 





Model 3 
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one of its circularly polarized components is retarded 
more than the other, the important question to the 
chemist is why a molecule whose mirror image is not 
superimposable will cause a difference in velocity of the 
dand I circularly polarized components. For simplicity 
we may consider the behavior of a molecule having a 
single asymmetric carbon atom (Figure 3). The vibra- 
tions of the electrons in an atom or group excited by the 
plane polarized light would set up induced vibrations of 
electrons in the other atoms or groups of the atoms. 
While the vibrations in the molecule as a whole would 
be quite complex, the behavior can be visualized readily 
if we assume that the vectors of the induced vibrations 
of any two groups will be parallel with the line joining 
the centers of the groups. Hence the resultant R, of 
the vibrations of one pair will be perpendicular to the 
resultant R, of the other pair and separated by a dis- 
tance Z, as illustrated in Figure 3. 

Kuhn has pointed out that this behavior is that of two 
oscillators, A and B, separated by a distance, Z, whose 
vibrations are at right angles to each other, and which 
are coupled in such a way that any vibrations set up in 








Figure 3. A Tetrahedral Coupled 
Oscillator 
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Figure 4. Mechanism of Model 5 


one will induce simultaneous vibrations in the other. 
Model 5 illustrates how this system can lead to optical 
activity. The action of the model may be clearer if 
considered along with the diagram shown in Figure 4. 
The electric vector of either d or / circularly polarized 
light sets up an oscillation in A, and the energy of the 
vector of the d or | wave is diminished by the vector 
quantity a, or a,, thus slowing down or refracting the 
wave. The oscillation of A, however, produces a simul- 
taneous oscillation in B, the energy of this oscillation 
being designated by thé vector a’, or a’, which is at 
right angles to a, or a; At the same time, however, 
oscillator B is being acted on by the electric vectors d’ 
or l’ which, because of the time lag causéd by the dis- 
tance Z, are out of phase with the vectors d or | by 90°, 
if Z is chosen equal to one-quarter wave length. More- 
over, the direction of vector 1’ will be opposed to that of 
vector d’. The vector quantities corresponding to the 
action of d’ or l’*on B will be b,’ or b;’.. The coupled 
vector a’, or a’; will be added to the. vector b,’ to give 
the resultant vector r,; but will be subtracted from vec- 
tor b,’ to give the resultant vector rz. Therefore the d 
circularly polarized component will be slowed down to a 
greater extent (r,) than the d component (r,), and the 
plane of the plane polarized light will be rotated to the 
left. In Model 5 and Figure 4 the distance, Z, was 
chosen as one quarter wave length merely to show more 
readily the effects of the vectors on each other. This 


distance is several thousand times larger than that be- 
tween coupled oscillators in a molecule, but the effect 
will be the same. 

If two atoms or groups are alike, the random orienta- 
tion of the molecules will provide each molecule with a 
mirror image so that any rotatory effects of the indi- 
vidual molecules would cancel. 


Therefore the only re- 
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quirement for optical activity is that two like molecules 
cannot be orientable in such a way that they are mirror 
images of each other or in other words that the mirror 
image of a molecule cannot be superimposable. 


CONSTRUCTION OF MODELS 


The sine waves were constructed by bending */s2 in. 
brass or copper-plated iron welding rod into-loops of the 
proper shape and size, and soldering them to a brass 
rod */sin. in diameter and 25in. long. The loops of the 
basic sine waves were 6 in. wide at the base and 4 in. 
high. For the resultant plane polarized wave of Model 
2, they were 6 in. wide and 8 in. high. For the retarded 
wave of Model 3, they were 3 in. wide and 4 in. high. 
Holes were bored in the horizontal supporting rods at 
the proper place and angle to facilitate placing and 
soldering the loops. The spirals of Models 1 and 5 were 
bent to the proper shape and affixed after the supporting 
loops or rods were in place. Vectors were added to two 
of the loops of Model 1 to demonstrate more clearly 
that the spiral was the resultant of the two plane waves. 

Model 4 was constructed in an entirely different 
mahner. Forty-eight brass sleeves, '/2 in. long, */s in. 
external diameter, and */,, in. internal diameter, were 
bored and threaded through one side wall at the center 
so that a 3/s-in. threaded brass rod could be screwed 
perpendicularly into the sleeve. The sleeves were 
strung on a */,,-in. brass rod threaded at both ends. 
Nuts on the ends held the sleeves loosely in place. 
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Threaded */3:-in. brass rods of the proper length were 
screwed into the sleeves, adjusted to the proper angle, 
and the sleeve set to the center bar by tightening the 
rod. A single full lobe of the curve requires one rod 8 
in. long, and two rods each 73/s, 53/s, and 3 in. long. 
Each base of the lobe will end at a '/,-in. sleeve without 
a rod where the curve passes through zero. 

The length of the rods and the angle of each was 
determined originally by taking the vector sum of all 
of the components of Model 3 at half-inch intervals along 
the horizontal rod. It is believed that in constructing 
a similar model it would be sufficient to set the central 
8-in. rod of each lobe at angles of 120° to those of the 
adjacent lobes and to adjust the angles of the other rods 
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by eye to give a smooth surface. When all of the rods 
were set, holes were bored at the proper angle through 
the horizontal rod and sleeve where the curve passes 
through zero. A soft 14-gage copper wire was soldered 
to the ends of each rod and passed through the holes in 
the horizontal rod to outline the shape of the curve. 

In all of the models the fundamental sine waves were 
painted with red, white, or yellow enamel in order to 
give. them contrast. A curve resulting from the com- 
bination of a red and a yellow sine wave was painted 
orange and one from a red and a white sine wave was 
painted pink. 

The author wishes to acknowledge the valuable assist- 
ance of Mr. Adriaan Jansse in constructing the models. 


ee QUALITATIVE ORGANIC ANALYSIS AS A PART 
OF THE FIRST-YEAR ORGANIC LABORATORY 


COURSE’ ; 


Is THE use of qualitative organic analysis as an im- 
portant part of the laboratory work in first-year organic 
chemistry practical? The author is convinced on the 
baSis of many years of experience in using it that it is 
both practical and decidedly worthwhile. 
contended that the current methods are ineffective 
but that some alternatives should be considered. The 
conventional course consists of a number of experi- 
ments on techniques related to the purification of sub- 
stances and the determination of physical constants, a 
number of “preparations,” and a varied number of 
experiments on the physical and chemical properties 
of specific compounds that illustrate certain classes. 
All of these types of experiments fit directly into a 
course that is based on qualitative analysis as a means 
of systematizing and correlating the course as a whole. 
The use of qualitative analysis as a vital part of 
general inorganic chemistry laboratory work certainly 
has resulted in teaching more chemistry to the students 
than the unrelated types of experiments did. It is 
also well recognized that students like the analytical 
work of the general chemistry course much better than 
the other types of experiments and hence they do 
better work. It seems logical that the same arguments 
hold true for the use of qualitative analysis as a part 
of the first-year organic laboratory course. Motivation 





1 This paper is based in part on papers presented before regional 
meetings of the American Chemical Society at Baton Rouge, 
Louisiana, October 26, 1945, and Dallas, Texas, December 12 and 
13, 1946. 


It is not’ 


JOHN B. ENTRIKIN 
Centenary College, Shreveport, Louisiana 


of the student is one of the greatest problems in any 
laboratory course. Students like to do work that seems 
to have a definite purpose. The experiments that are 
designed to give the students manual and mental skills 
related to methods of purification or the determination 
of physical constants take on new meaning and interest 
if the student knows that he will shortly have to use 
these skills in the identification of an “unknown.” 

The conventional laboratory course in organic chem- 
istry includes a variable number of ‘‘preparations” 
intended to teach the fact that there are a number of 
general reactions in organic chemistry, e. g. nitration, 
esterification, acylation, etc. Qualitative organic analy- 
sis also makes extensive use of “preparations,” 
although they are called “derivatives.” The yield 
of the derivative is calculated and the product is turned 
in to the instructor, as is customary with preparations. 
Most of the types of reactions that are usually covered 
in the conventional course can be equally well covered 
among the reactions that are required for the study of 
known compounds or the identification of unknowns by 
the preparation of derivatives. From the standpoint 
of the incentive, however, there is a difference between 
preparing acetanilide merely as one of a listed number 
of preparations and in starting from the viewpoint 
that amines may be acylated as a means of identifying 
the specific amine. The facts on which the homologous 
series are based can be seen clearly by the student. 
Furthermore, it is easy to point out that acylation 
may be accomplished by a variety of reagents. 
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The customary course includes a number of experi- 
ments dealing with the analysis for the elements, 
solubilities of representative compounds, and reactions 
that are characteristic of functional groups. By 


systematizing these’ experiments and adding a few 


tests, we have the basis for identifying unknowns as 
well as studying the characteristics of known com- 
pounds. The very fact that it is systematic rather 
than a conglomeration of unrelated experiments makes 
for better scientific training. For example, when solu- 
bilities are studied from the viewpoint of qualitative 
analysis, such subjects as ionization constants, salt- 
forming tendencies, molecular associations, chelation, 
etc., fit into a pattern of usable facts. 

In the writer’s opinion, there are two ways.in which 
qualitative analysis may be used effectively as a part 
of the first-year organic laboratory work. The first 
method is to use it throughout the entire course, and 
the second is to concentrate it in the second semester. 
We have tried both methods and find that both are 
effective, though we prefer the first method. 

If the analytical approach is to he started early in 
the year, the laboratory work is closely correlated with 
the subject matter being covered in the lecture section. 
For example, when the alcohols are being studied the 
students are assigned those experiments which show 
the general tests for hydroxy compounds and the specific 
tests for alcohols. Further, the properties of alcohols 
are illustrated by making one or more types of deriva- 
tives from known alcohols (preparations). The student 
is then given an unknown alcohol for identification. 
The fact that he knows that he will have to use the 
techniques and information that he has been acquiring 
with known substances in the later identification of 
an unknown compound not only makes the student 
take more interest in his work but causes him to exer- 
cise much more care in doing the experiments. 
Occasionally an unknown is given that may represent 
any class of compounds studied up to that date. 
This causes the student to review the chemical facts 
that distinguish the various homologous series and 
to organize his knowledge into a logical plan of pro- 
cedure for the laboratory tests. ; 

If it is desired to concentrate the qualitative analysis 
in the second semester, this work may be used very 
effectively as a review of all of the work that has been 
covered and as a means of comparing various classes 
with each other—e. g., alcohols with phenols, alkyla- 
mines with arylamines, and the like. Tests are made 
that distinguish each of the major classes of chemical 
compounds on the basis of the chemical behavior of the 
functional groups that are present. The procedures 
for tenatively identifying the class to which an unknown 
belongs are based on the solubility, the elements that 

are present, and the functional groups that have been 
identified. Final identification is made from the chemi- 
cal class, the physical constants, and the data for 
derivatives. ‘ 
There is an increasing tendency in both college labora- 
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tories and in professional work to use smaller quantities 


of chemicals in experiments. It seems advisable to 
acquaint beginning students with both macro and 
semimicro methods. The advantages of macro meth- 
ods are well-known and no argument for them is neces- 
sary. The use of semimicro techniques that allow 
the practical use of a few hundred milligrams of start- 
ing material by beginners speeds up the work and 
allows much greater variety of compounds to be 
studied in a given amount of laboratory time. Fur- 
thermore, the cost of chemicals is a small fraction of 
what it is for the usual macro methods and this allows 
a greater variety of chemicals to be stocked and a larger 
number of students to be served by the same budget. 
In case hazardous chemicals are being used the smaller 


quantities required in semimicro work materially lessen 


the chamce of a serious accident. Apparatus for semi- 
micro work need not be highly specialized. Most of 
it can be taken directly from common laboratory sup- 
plies. Even if special apparatus is bought, it costs 
no more than that used in the conventional methods. 
The smaller-sized apparatus requires less locker space 
‘and allows more drawers to be installed. 

In order that the reader may have an idea of the 
amount of work that may be accomplished in a labora- 
tory course using qualitative analysis with first-year 
organic students, a summary is given below of the con- 
tents of a course recently taught by the author. The 
laboratory time was eighty hours for this part of the 
work. The text that was used is a systematic pro- 


cedure based on semimicro methods.? 

Laboratory techniques: Crystallization from single and mixed 
solvents; melting-point determinations; distillation by simple 
apparatus, fractionating columns, and by steam; boiling-point 
determinations; extraction. 


General examination of compounds: Tests for the elements 
present; ignition test; tests for the presence of water, active un- 
saturation, acidity or basicity, and benzenoid structures. 

Tests for specific functional groups: Alcohols and phenols, 
esters, ethers, acids, acid halides, anhydrides, amides, anilides, 
amines, ‘nitro compounds, aldehydes and ketones, alkyl and aryl 
halides, mercaptans, and carbohydrates. 

Preparation of compounds and derivatives to illustrate general 
organic reactions: 1-Nitro naphthalene, m-dinitro benzene, 
aniline, acetanilide, phenylhydroxylamine, 2-butanone, 2-buta- 
none-p-nitrophenylhydrazone, m-nitrobenzoic acid, 2,4,6-tri- 
bromophenol, 2,4,6-tribromoaniline, benzd-o-toluidide, naphthyl 
acetate, salicylic acid, dextrosazone, maltosazone, benzal- 
p-nitrophenylhydrazone, 3,5-dinitrobenzoyl chloride, ethyl 3,5- 
dinitrobenzoate, p-bromphenacyl benzoate, aceto-p-nitroanilide, 
the picrates of dimethy] aniline, quinoline and naphthalene, and 
the S-isothiourea picrates from butyl bromide and benzyl chlo- 
ride. In each case, the product was purified and a physical con- 
stant determined. The products were given to the instructor. 

Unknowns: One for elemental analysis, two to find the chemi- 
cal class without identifying the compound, and three unknowns 
for the identification of the actual compound. Complete reports, 
which included the listing of all tests made, the deductions made 
from each test, and the reasons for the final identification, were 
required for each unknown: The final examination consisted of 
a general unknown which was given to the students three periods 
before the end of the course. 





2 CuEronis, N. D., anv J. B. ENrrixin, “‘Semimicro Qualita- 
tive Organic Analysis,” Thomas Y. Crowell Co., New York, 1947. 











e THE PHASE RULE AND THE ACTION OF 
GRAVITY 


In J. W. Gibbs’ original: work on the phase rule a 
restriction regarding its applicability was made: he 
pointed out that it does not apply to systems submitted 
to the action of gravitational forces. In the past the 
consequences of this limitation have but seldom been 
taken into account, and the problem has practically 
never been discussed in textbooks and not very often 
in scientific papers. A few scientists and teachers 
explained to their audiences that the phase rule can 
be considered as true only in systems in which the 
amount of each phase is very small. Treatises can be 
found, however, in which the statement is made that 


the phase rule is applicable to a system of any amounts. 


of the various coexisting phases. Such a conclusion is 
based on the assumption that the influence of gravita- 
tion is so small that it can be neglected entirely, which, 
however, is not actually the case. Nowadays, thermo- 
stats and adiabatic jackets function with such extreme 
precision that a real thermodynamic equilibrium can 
be obtained and the influence of gravity on solid-liquid 
equilibria is indeed observable. For this reason any 
far-reaching simplification may lead to entirely wrong 
conclusions. 

Examples given below show what the: permanent 
equilibrium conditions are and what the result ‘is, if a 
system is kept for a long time in an isothermal or an 
adiabatic jacket. For simplicity, one-component sys- 
tems only are examined. 

Let us assume that large amounts of water, ice, and 
water vapor (no air!) are found in a closed container 
and that the latter is situated in an adiabatic jacket. 
In Figure 1, the initial and final states are schematically 


* Formerly Senior Fellow, Mellon Institute, Pittsburgh, Penn- 
sylvania. 
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Figure 1. Adiabatically Protected System Composed of Ice, Water, 
and Vapor (Before and After the Establishment of an Equilibrium) 


W. SWIETOSLAWSKI* 
Institute of Technology, Warsaw, Poland 


presented. At the start, the lump of ice will be partly 
in the vapor and partly immersed in liquid. The im- 
mersed part is subjected to the action of hydrostatic 
pressure (which changes from 6p to zero) and so the 
solid-liquid phase-equilibrium temperature changes 
from —é°Tto = 0.0098° C. (Note that the customary 
“freezing point,’ 0° C., represents equilibrium at one 
atmosphere pressure, while in this case the pressure is 
only that of water vapor.) There is only one line on 
Figure 1 along which the temperature called the “‘triple- 
point” of water can really be found. It is the line 
indicating that the three phases are touching eacn 
other. It can be easily understood that the ice found 
below the surface of the water should undergo melting. 
On the other hand, the ice surrounded by the gaseous 
space should undergo evaporation. In fact, the vapor 
pressure changes continuously, though slightly, from 
the water level on up to the top of the container. As 
the system cannot lose or gain any heat, the disappear- 
ance of some ice should be accompanied by formation 
of ice on the surface of the water (and downward, until 
a layer of the solid phase is formed, as shown in the 
scheme found on the right-hand side of Figure 1): The 
phenomenon just described may be called “migration 
of ice.”! The final temperature established in the 
system will differ from that of the triple point. It 
will be equal to: (0.0098° C.—67). Difference 67 
depends upon the thickness of the layer of ice which 
separates entirely the liquid from the gaseous phase. 
The heat balance requires that the heat used in melting 
the ice be compensated for by the formation of a cor- 
responding amount of ice in the layer finally formed, 
as indicated in Figure 1. 

From the above, it may readily be concluded that 
considerable changes not predicted by the phase rule may 
take place. At equilibrium the three phases do not 
coexist with each other; the gaseous phase is separated 
from direct contact with the liquid phase. The equilib- 
rium established under these adiabatic conditions does 
not correspond to the so-called “triple point” because 
the temperature is not that accepted as the triple-point 
temperature. Finally, the equilibrium temperature 
depends in each instance on the thickness of the solid 
phase lying between the other two phases. 

Let us now consider the same system situtated inside 
an isothermal jacket kept strictly at the temperature 
of the triple point (+0.0098°). In Figure 2, the initial 
and final states of the system are illustrated. In this 





1 SwiETOsLAwsKI, W., ‘‘Microcalorimetry,”’ Reinhold Publish- 
ing Corp., New York 1946, pp. 55-9. 
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example, conditions for having ice present in the system 
are nonexistent, because such a layer would have to be 
kept under hydrostatic pressure (7. e., at a temperature 
somewhat lower than the triple point) and this con- 
dition cannot be created since the isothermal jacket is 
kept at a constant temperature equal to the so-called 
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Figure 2. Isothermally Protected System Composed of Ice, Water, 
and Vapor (Before and After the Establishment of an Equilibrium) 


“triple point.” Consequently, any solid phase should 
disappear entirely and the system should be composed 
of two phases only. This is not in accordance with the 
phase rule as generally accepted. 

If, instead of water, benzene (or any other substance, 
the solid phase of which is denser than the liquid) is 
examined, characteristic changes in the behavior of the 
system will be observed. If relatively large amounts of 
solid, liquid, and gaseous benzene are placed in a con- 
tainer, and the -latter is adiabatically protected, a 
different kind of “‘migration’” of the solid phase will 
take place. The upper layer (of solid benzene) will 
disappear and more crystals will attach themselves to 
the lump at the bottom. Finally, a layer will form 
(at the bottom of the container) whose top touches only 
the liquid phase (Figure 3). The final equilibrium 
temperature (T7,) will depend upon the hydrostatic 
pressure exerted by the liquid on the solid. This 
temperature will be higher than that which corresponds 
to the so-called triple-point temperature: 


If the system were to be surrounded by an isothermal 
jacket and kept at 7’, the thermodynamic equilibrium 
would be reached after solidification of the whole liquid 
had occurred. The final state would be characterized 
by a coexistence of two, not three, phases; the solid 
phase would be in equilibrium with the gaseous phase. 

From these considerations one may see how different 
are the thermodynamic conditions of equilibrium in a 
one-component system surrounded, on one otcasion, 


by an abiabatic jacket, and, on another, kept under 


strictly isothermal conditions. In the adiabatically. 
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protected system, the equilibrium temperature depends ~ 


on the difference in density of the solid and liquid 
phases, and on the thickness of the upper layer. Our 
final conclusions are: (1) that, under isothermal con- 
ditions, the system submitted to the action of gravity is 
composed of two phases only; (2) that, three phases 
can coexist if they are kept under adiabatic conditions; 
(3) that, under adiabatic conditions, the equilibrium 
temperature depends on the hydrostatic pressure, and 
therefore on the thickness of the layer in between the 
gaseous phase and that lying at the bottom of the con- 
tainer. The latter phase may be solid or liquid, de- 
pending on the difference in density (as mentioned © 
above). 

The significance of the facts discussed cannot be 
overlooked. They may be important in geological 
as well as in astronomical examination of systems which 
are always submitted to the action of gravity. The 
following strictly theoretical consideration makes this 
point clear. 

Let us suppose that our planet were composed of 
water only, and that it were kept adiabatically at a 
temperature close to 0° C. Suppose that, at the mom- 
ent when the planet was formed, some amount of 
ordinary ice (I) was present. After a long period of 
time, a thermodynamic equilibrium should have been 
established. In that tase the distribution of different 
phases should be as shown schematically in Figure 4. 
In the center of the planet, ice VI (which exists at a 
temperature not far from 0° C. under pressures ex- 
ceeding 8 thousand atmospheres) should be found. 
This sphere would be surrounded by another com- 
posed of ice V (which exists under pressures of the order 
of 3500 atmospheres). Ice V would be surrounded with 
liquid water, and the latter by a layeroficel. Finally, 
water vapor would be found oustside the layer of ice I. 

It is not known whether there exists another modi- 
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Figure 3. Isothermally Protected System Composed of Solid, Liquid, 
and Gaseous Benzene (Before and After the Establishment of an Equi- 
librium) 





4 














WOO 




















y 
heed t Gv ST 
y 
Y) 
ZL 


SS 








fication, denser than ice VI. If there does, it would be 
found in the center of the “planet,” provided the 
hydrostatic pressure were high enough. The tempera- 
ture established in the hypothetical system under 
consideration would be Jower than 0° C.; it would 
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. depend on the thickness of the layer of ice I. Another 
distribution of phases would be observed should the 
layer of ice I be so thick that other modifications of ice 
could appear; the temperature then established would 
be much lower than 0° C. If the radius of the planet 
were very large, a slightly higher temperature would be 
found at the center, and the temperature would steadily 
decrease outward along the radius of the sphere, as 
pointed out by R. C. Tolman?in a paper published some 
time ago. 

Figure 4 is a schematic representation of the dis- 
tribution of the phases where the thickness of the layer 
of ice I is rather small. If, instead of adiabatic pro- 


tection, the planet were kept isothermally at 0° C., the 
upper layer of ice I would disappear (as in the example 
shown in Figure 2); in the center, however, the same 
distribution would exist as previously described. This 
distribution is presented in Figure 5. 

The consequences of the gravitational forces created 
by the component, itself, are rather important. They 


Figure 4. Distribution of the Phases on a Planet Composed of Water 
Only and Adiabatically Protected (Initial Temperature Close to 0°C.) 


show that the number of phases is larger than is pre- 
dicted by the phase rule as now accepted (but not as 


2 TotmaN, R. C., Phys. Rev., 35 906 (1930). 
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Figure 5. Distribution of the Phases on a Planet Composed of Water 
Only and Isothermally Kept at a Constant Temperature Equal O°C, 


expressed by Gibbs). These phases should form layers 
separated from each other, so that, in any one place, 
no more than two phases touch one another. The 
gaseous and the densest phase would be separated by 
layers of other phases, distributed according to their 
densities. 

Despite the small influence of the action of gravita- 
tional forces in everyday laboratory practice in this 
field, this problem should be discussed and described in 
textbooks and explained to students. Otherwise a 
number of errors and misleading ideas might result 
that might lead to entirely wrong conclusions. In the 
past a whole generation of physicists, chemists, geol- 
ogists, and other specialists have been taught in a way 
that has neglected to explain the phenomena which 
must take place if a system is surrounded for a long 
time by an adiabatic or an isothermal jacket. 

In this paper one-component systems, only, have 
been discussed. The phenomena are much more 
complicated in a poly-component system. They are, 
however, highly important in geological, and perhaps 
in astronomical, speculations. They should be thor- 
oughly examined for teaching purposes and in scien- 
tific investigations. 
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LABORATORY EXPERIMENTS WITH 
CHEMICAL WARFARE AGENTS' 


‘WALTER KINTTOF 


(Translated from the German) 


Editor's Note: 


This article and those which follow in the series are a translation 


of a large portion of a German textbook by Walter Kinttof which appeared in 1935 


under the title of ““Schulversuche zur Chemie der Kamp/fstoffe.” 


This material ts 


reproduced principally for its value in suggesting practical laboratory experiments 
of an extraordinarily interesting character, and also to indicate how the interest in 
chemical warfare was kept alive in Germany between the two World Wars. 


INCENDIARIES 


Fire has a twofold duty in warfare. On the one 
hand it should cause a considerable damage to ma- 
terial, and on the other hand it should demoralize the 
population—that is, break down its power of resist- 
ance. Both aims have been pursued since ancient 
times and history records numerous cases of it. 

As incendiaries, the most difficultly combustible and 
the most easily inflammable materials have been used, 
depending on the state of the contemporary chemical 
knowledge. The effects of these were more or less 
doubtful. Modern chemistry has put the incendiary 
technique on a new pedestal. By means of the inven- 
tion of aluminum-thermo-chemistry by Goldschmidt, 
incendiary bombs and grenades have been given a few 
importance which rates them as among the most 
dangerous weapons since they are very effective in the 
bombardment of cities due to the fact that flying ma- 
chines can carry 4 great quantity*of them. Besides 
this, only phosphorus is essential either by itself or in 
solution. 


PHOSPHORUS AS AN INCENDIARY 


Note: For the following experiments yellow roll 
phosphorus approximately 3 to 4 mm. thick is used. 
(Use protective goggles! The hands must be protected 
by means of a towel or something adequate because 
burning. phosphorus produces dangerous and slowly 
healing wounds on the skin. Stand back while the ex- 
periment is being performed.) Some of the experi- 


ments must be carried out under a bell jar or out- . 


doors. 

EXPERIMENT 1. By means of tweezers a piece of 
phosphorus approximately one-half an inch long is 
taken out from the jar containing the phosphorus 


1 Copyright vested in the Attorney General, pursuant to law, 
and published here by permission of the Attorney General in the 
public interest under License No. JA-1213, as was the article 
“Chemistry in War,” by Fritz Haber, in our November issue, 
1945. : 





covered with water and is quickly dried on a blotting 
paper and placed in an evaporating dish. Another 
piece of the same size is heated in a second dish by 
submerging it in hot water at 65°C. (water bath). 

Result: Dry phosphorus begins to smoke in the 
air and ignites automatically and especially quickly 
when heated to 60°C. (ignition temperature). With 
considerable heat phosphorus pentoxide forms, vola- 
tizing into a dense white smoke. 

EXPERIMENT 2. Ina solution of 5 cc. of carbon di- 
sulfide (CS:) which is in a test tube (keep away from 
flame!), place a piece of phosphorus approximately 1 
cm. long, and dissolve by shaking. Be careful not to 
get any of this solution over the hands. By means of 
an eye dropper, place about 1 cc. of the solution on a 
blotting paper which is set on a tripod and observe the 
result. Carbon disulfide evaporates quickly, and the 
remaining phosphorus spontaneously ignites, but with- 
out burning the blotter. 

Use: In solution with carbon disulfide, yellow phos- 
phorus is used to fill incendiary bombs, grenades, and 
mines, being frequently mixed with tar, oil, celluloid, 
and similar substances (so-called fire producers). As 
the result of the explosion of the projectile, this solu- 
tion is sprinkled all around, the carbon disulfide evapo- 
rates, and the remaining phosphorus spontaneously 
ignites and sets the vapors of the carbon disulfide 
aflame. The effect of this is relatively small, for only 
easily inflammable material (rubbish) will burn, and 
solid, compact woodwork (floors, beams) will not be 
affected by it. 

EXPERIMENT 3. A few drops of phosphorus dis- 
solved in the carbon disulfide are placed (a) on wood 
shavings and (b) on a piece of wood. After the carbon 
disulfide -has evaporated, the flaming phosphorus 
ignites the wood shavings, but not the piece of heavier 
wood. 

EXPERIMENT 4. Drop on a piece of burning roll 
phosphorus (1 cm. long) placed in a porcelain evaporat- 
ing dish, a few drops of water (be careful, protect your 
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hands!), and then pour a larger quantity of water over 
the phosphorus. Repeat this experiment with a 
piece of heavier wood. 

Result: The few drops of water on the burning 
phosphorus in the the first case had the effect of spray- 


ing the water all around. Only a larger quantity of 


water could extinguish the fire. Only after the water 
had been soaked into the wood and the phosphorus 
dried did the wood ignite again. 

EXPERIMENT 5 In some of the manuals for air de- 
fense we find that a strong solution of copper sulfate is 
indicated as making harmless and destroying the effect 
of phosphorus. Its action and importance can be 
seen from the following: 

To 5cc. of a five per cent copper sulfate solution con- 
tained in a test tube, a 3-cm. long piece of roll phos- 
phorus is added and carefully heated over a Bunsen 
burner until the phosphorus is melted. The solution 
is shaken until it becomes decolorized, then cooled and 
filtered. The product on the filter paper is laid on a 
metal gauze for the purpose of drying. 

In the meanwhile we may observe the* following: 
the melted phosphorus, as a result of shaking in the 
copper sulfate solution, is divided into drops which 
become covered by a metallic shiny surface of copper 
phosphide. The filtered product is not fuming like the 
original phosphorus, but ignites spontaneously a short 
period of time after the filter paper dries. 

What is the explanation of this phenomenon? 

Applications: Since neither water nor copper sul- 
fate solution can eliminate the danger of fire from 
yellow phosphorus, an attic can be protected against 
the effects of phosphorus incendiary bombs only by 
clearing the attic of rubbish and by impregnating or by 
fireproof-painting the floor and woodwork. If an at- 
tic is prepared in such a manner, then we can leave the 
phosphorus, bomb until it burns out, or extinguish the 
phosphorus with water and take it outdoors. Phos- 
phorus cannot cause fire in a downward direction be- 
cause oxygen is lacking. 

THERMITE AND ELECTRON-THERMITE 
INCENDIARIES 

Note: Unlike previous phosphorus incendiaries, 
thermite is independent of the oxygen contained in the 
air. For this reason an initial ignition by some ignit- 
ing mixture is necessary. This is shown in the follow- 
ing experiments. 

EXPERIMENT 6. Five grams of pulverized iron and 
5 g. of pulverized potassium permanganate are mixed 
by means of a spatula in a porcelain evaporating dish. 
From this mixture a quantity is taken up on the tip of 
a knife and placed on a small plate of asbestos, then 
touched by a Bunsen flame or ignited match. 

Result: The mixture ignited in the above-men- 
tioned way will be burned off quickly. Here the po- 
tassium permanganate acts as oxygen producer. The 
development of heat is considerable. The mixture is 


called “‘Ignit’”’ and will be used in our further experi- 
ments as initial ignitor. 
Mix in seven different porcelain 


— 


EXPERIMENT 7. 
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evaporating dishes the. following substances in the 
order indicated: 


11 g. pulverized iron (melting point 1535°C., boiling 
point 3235°C.) with 24 g. copper oxide 

12 g. pulverized zinc (melting point 419.4°C., boiling 
point 906°C.) with 16 g. copper oxide 

19.6 g. pulverized zinc with 16 g. iron oxide (Fe,0;) 
grits , ; 

5.4 g. aluminum grits (melting point 659°C., evapo- 
rating point 1800°C.) with 16 g. iron oxide 

2.7 g. aluminum grits with 12 g. copper oxide (be 
careful!) ’ 

2.7 gsaluminum grits with 12 g. zinc oxide 

3.6 g. magnesium grits (melting point 650°C., evapo- 
rating point approximately 1100°C.) with 8 g. 
iron oxide (be careful!) 


Place each of these mixtures on small asbestos plates, 
making a hole in the center of each pile with a glass 
rod; fill this hole with ‘‘Ignit.’”’ When igniting them, 
be careful to wear goggles and gloves, and stand back 
while the action is going on. Observe the vigor with 
which each reaction takes place. Examine the prod- 
ucts for color and for magnetic activity. 

Result: (a) The elements Mg, Al, Zn, Fe, and Cu 
are arranged in such an order that any one will dis- 
place a metal succeeding it when mixed with its oxygen 
compound. Without an ignition mixture it would be 
impossible to ignite these mixtures (7. e., by means of a 
Bunsen burner or matches). 

(6) When these reactions take place partially, heat 
quantities are freed sufficient to melt the iron and to 
boil the copper. The following are exact determina- 
tions of the heat of formation referred to one atom of 
oxygen: 


eg hk. ost rctauts accten eete seate vars ttorne seed 145.8 cals. 
a eee tens ou wots esa ate iste cso 131.1 cals. 
I oan ce a ethylene, SIS a ee ees 83.0 cals. 
BIPIOOD  dd calcd Cae ates ine Da aa Ne hese 65.5 cals. 
(001 ee eee Ye gehen Rh aed Maree eer eet 33.0 cals. 


From using the above data it has been observed that 
“when various elements and oxides are given a chance 
to react, oxide is formed which at the given tempera- 
ture develops the greatest heat’’ (thermodynamic law). 

Note: Among the mixtures, that of iron oxide with 
aluminum is especially suitable for an incendiary. 
It was discovered in 1894 by Goldschmidt and is 
called ‘Thermite.’ During the World War an at- 
tempt was made to increase both its ignitability and 


effect by the addition of compounds rich in oxygen 


(lead oxide, barium nitrate, pyrolusite). However, 
it was noted that such addition is not necessary be- 
cause its incendiary effect would be rather decreased 
due to the development of gases. The effect of ther- 
mite incendiaries can be increased when we press the 
thermite mixture very tightly into metal cans by 
means of a wood or glass rod. 

EXPERIMENT 8. (Illustration of the pririciple of 
thermite incendiaries.) In a porcelain evaporating 
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dish, the following substances are mixed by means of a 
spatula: 


(a) 7.5 g. iron oxide (Fe.0s) 
2.0 g. pulverized aluminum 
or 
(b) 10g. iron oxide (Fe20s) 
6 g. pulverized aluminum 
6 g. pulverized iron 
20 g. barium nitrate powder 
4 g. potassium nitrate 


Note: A similar mixture was used by the Russians 
during the World War for filling incendiary bombs. 

The mixture is pressed tightly into a 10-g. smoke 
candle box by, means of a flat glass rod. Make a hole 
in the pile and fill it with ‘Ignit.” A sand box should 
"be used as base for the smoke candle box. 

EXPERIMENT 9. Get one of these incendiary mix- 
tures (Experiment 8) at its highest combustion point, 
and by means of crucible tongs (hand and eye protec- 
tion!), throw it into a conserve box half filled with 
water which has been placed in a sand box. 

Result: The burning thermite mixture is not ex- 
tinguished by water; rather it ‘eats’ itself through 
the metal bottom of the container. Explanation? 

Note: In similar way as in Experiment 11, aluminum 
and magnesium can be shown to react with steam with 
greater intensity. 

EXPERIMENT 10. Spray such a mixture when it is 
at the height of combustion by means of a water 
stream (sand box and protection of eyes and hands!). 
Students should stand back a distance of 5-6 meters. 

Result: The combustion of thermite upon the addi- 


tion of water becomes stronger, and the glowing liquid 


metal scatters around. 

EXPERIMENT 11. On the bottom of a quartz test 
tube pour 0.5 cc. of water and a thimbleful of iron 
powder. The test tube is placed at a slight angle in a 
support and is filled along its length with a 10-cin. long 
layer of metal powder up to half the height of its dia- 
meter. Then it is closed by a one-hole rubber stopper 
connected with a gas delivery tube which leads to a 
pneumatic. trough. The long metal layer is then 
heated to glowing. The water on the bottom of the 
tube is boiled and evaporated. The developed gas is 
collected over water in a 150-cc. cylinder and tested 
with the Bunsen flame (caution). 

Result: Steam reacts with the glowing iron by,pro- 
ducing hydrogen according to’ the equation: 3H:0 + 
2Fe = FeO; + 3He. f 

EXPERIMENT 12. Ignite one of the thermite in- 
cendiary preparations made according to Experiment 
8 or a ‘“‘Mox”’ brick on a wood plate placed in a sand- 
filled box. 

Result: The burning thermite composition ignites 
the hard wood! The liquid metal (iron) ‘‘eats”’ itself 
downward through the wood. This is the difference 
between the phosphorus composition and the thermite 
compound. 





hands protected!). 





611 


EXPERIMENT 13. Paint small pieces of dry pine wood 
(20 X 10 X 1 cm.) with a mixture of aluminum oxide, 
waterglass (sodium silicate), and calcium or zinc 
chloride. Then let them dry and repeat the preceding 
experiment. 

Note: When a water stream is pointed on a melting 
thermite mixture, the combustion first increases due to 
the formation of hydrogen, and only by the further 
addition of much water will it be possible to slow down 
the reaction. In reality the simplest thing would be, 
provided the attic had been fireproofed, to let the 
thermite bomb burn out and then extinguish the 
ignited structure with water or some suitable chemical 
substance. At the same time the red-hot ironcake, 
which remained after the burning out of the bomb, 
could be cooled off by the water which had been ap- 
plied. : 

Electron-thermite incendiaries are thermite incen- 
diarfes which are enclosed in a container made of elec- 
tron metal (an alloy of 97 per cent magnesium and 3 
per cent aluminum). Due to the deflagration of ther- 
mite, the electron metal is heated above its melting 
point, and when it burns, it develops great heat and 
light. The following two experiments will demon- 
strate this action. 

EXPERIMENT 14. A piece of commercial electron 
metal or magnesium sheet (10 cm. long and 0.5 cm. 
wide) is held by means of a crucible tongs in a Bunsen 
flame and ignited. Perform this experiment on an 
asbestos sheet or in a sand-filled box. Place the burn- 
ing metal on a small piece of wood. Cautiously drop 
water on it from an eye dropper (have the eyes and 
Sprinkle water on the burning 
metal by using a watering pot. Finally dip the burn- 
ing metal in a dish containing a quantity of cold water 
(caution!). 

Result: Burning magnesium or electron metal 
ignites the dry wood immediately. By sprinkling or 
dropping a little water, the combustion becomes more 
vigorous and explosive. A large quantity of water 
extinguishes the fire by cooling off the metal below its 
ignition temperature. 

Application: The burning up of an electron-ther- 
mite bomb can be accelerated by sprinkling it cau- 
tiously with water. In this way no scattering of the 
metal itself occurs. This is caused apparently by the 
vaporization of the water which exerts pressure on the 
liquid mass of metal. 

EXPERIMENT 15. From a 2-cm. wide and 10-cm. 
long piece of magnesium sheet, a ring approximately 
3 cm. in diameter is formed by cautious bending. 
This is placed in a cover of a used 10-g. smoke candle 
box which is set in a box filled with sand. The cover 
is then filled with thermite composition prepared ac- 
cording to Experiment 8, and it is pressed in by means 
of a glass rod. Ignition is performed as described in 
the experiment with the ‘‘Ignit”’ or stormproof match. 

Result: An ignited thermite mixture causes the 


magnesium metal to burn (imitation of the electron- 
thermite incendiaries). 
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CHEMICAL FIRE EXTINGUISHERS 


In Experiments 1-15 we have treated-the incen- 
diaries. Now we want to tell something about the ex- 
tinguishing of fires caused by them. 

It is known that burning material can be extin- 
guished by using quantities of water. This method 
works in two ways. Primarily, it cools off the burning 
material below its ignition temperature; secondly, 
both in the liquid and vapor state, it deprives the fire 
of the supporter of combustion, 7. e., oxygen. The 
principle of cutting off the oxygen explains the practice 
of the covering of burning material with dry or wet 
blankets. The same principle is involved when the 
chemical extinguisher is brought into use. Chemical 
fire extinguishers have the following advantages: 


1. They can be handled very easily. 

2. Small quantities of materials exert an extin- 
guishing effect which is independent of the 
water contact. 

3. They do not cause “water damages’ which are 
always destructive when fire is extinguished 
by water. 


We differentiate between dry, liquid, and foam ex- 
tinguishers. Of the extinguishers, those filled with 
noncombustible, therefore flame-extinguishing, carbon 
tetrachloride cannot be given consideration for the 
civilian air defense work because in this case, the most 
essential requirement is to extinguish the fires in a more 
or less small, confined space. The use of carbon tet- 
rachloride in restricted areas is not advisable due to 
the formation of phosgene. Therefore,,we must not 
use these kinds of fire extinguishing apparatus nor 
carbon tetrachloride. 


DRY EXTINGUISHERS 


EXPERIMENT 16. In a test tube which is provided 
with a one-hole stopper and delivery tube, 4 g. of sodium 
bicarbonate is heated in the dry state, and the gas 
formed is passed by means of a long tube into the 
bottom of a standing cylinder. A burning candle set 
in the bottom of the cylinder is extinguished at once. 
If we pour lime water in the cylinder and shake it after 
closing the mouth by means of a glass plate, a white 
precipitate of calcium carbonate is formed. 

Result: Sodium bicarbonate, as a result of heating, 
releases carbon dioxide (and water) which puts out the 
fire. 

EXPERIMENT 17. A piece of board, 20 X 10 X 1 cm. 
in size, is placed on a tripod and ignited by means of a 
Bunsen flame. Then the board is sprinkled using an 
old sieve with previously sifted sodium bicarbonate; 
or a fire extinguisher may be made using a mixture of 
sifted sodium bicarbonate with 2 per cent finely pow- 
dered kieselguhr. The fife is extinguished at once due 


to the evolution of carbon dioxide from the bicarbon- 
ate. 

Result: Burning: wood may be extinguished by dry 
sodium bicarbonate. 
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Application: In dry extinguishers, the sodium bi- 
carbonate is sprinkled by gas pressure. 

EXPERIMENT 18. Experiment 17 is repeated by 
substituting for the sodium bicarbonate carbon dioxide 
snow, which can be produced by allowing the carbon 
dioxide to escape rapidly from a steel cylinder under 
high compression into a cloth bag (adiabatic ¢ooling). 
The solid carbon dioxide (sublimation point 78.5°C.) 
is scattered on the burning wood by means of a wooden 
spoon. ; 

Result: Solid carbon dioxide (carbon dioxide snow) 
also can be used as a dry extinguisher. 

Application: In the so-called ‘‘Polartotal’’ appa- 
ratus. 

Note: Solid carbon dioxide is especially suited for 
extinguishing fires from easily inflammable liquids such 
as gasoline, benzol, alcohol, various oils, etc. 


LIQUID EXTINGUISHERS 


EXPERIMENT 19. This apparatus is an imitation of 
the Minimax extinguisher and consists of the lower 
part of a 300-cc. wash bottle which is closed by a cork 
with three holes. Through one of the holes goes a 
tube to the bottom of the bottle. The tube is about 6 
mm. in diameter, and the projecting end, which is 
slightly drawn out, serves as a sprayer. In the second 
hole is placed a glass tube which acts as a safety valve 
and a pressure regulator. Finally, through the third 
hole is placed a glass rod coated with glycerin. The 
lower end of this rod is connected by means of a per- 
forated cork to a 10-cm. long. thick-walled test tube 
of conventional diameter. In the lower end of this 
tube is blown a thin-walled bubble about 5 mm. in 
diameter. ; 

The bottle is filled with 250 cc. of five per cent sodium 
bicarbonate solution, and the test tube with a 25 per 
cent hydrochloric acid solution. When filling the 
latter, one must take care that a 2-3 cm. high atmos- 
phere column is left over the acid. Then the apparatus 
is put together and the cork fastened. When the glass 
rod is carefully pressed down, the glass bubble of the 
test tube is crushed on the bottom of the wash bottle. 
By the high pressure of the test tube, some hydro- 
chloric acid at once flows into the bicarbonate solution 
and the formation of carbon dioxide begins slowly. 

Through the sprayer tube the solution is ejected into 
the air with a range of approximately five to six meters. 
In the meantime, more hydrochloric acid goes into the 
bicarbonate solution both as a result of diffusion and 
by the displacement by carbon dioxide which partly 
rises in the test tube. In this way a steady carbon 
dioxide pressure is formed which remains until the 
bottle is completely emptied so that the safety valve 
has to be used only occasionally. If the liquid driven 
out is mixed with carbon dioxide and is directed on 
burning woodshavings, the fire will be extinguished at 
once. 

Result:, Sodium bicarbonate solution may be used 
advantageously according to the above-mentioned 
principle as a fire extinguisher. Both the sodium 
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bicarbonate and the bicarbonate acid mixture evolve 
carbon dioxide. 
paratus employs this principle. 


A FIRE EXTINGUISHER PRODUCING FOAM 


EXPERIMENT 20. In a 300-cc. cylinder standing in 
a glass dish and filled with 250 cc. of water, 3 g. saponin 
and 25 g. sodium bicarbonate are dissolved. A thin- 
bottom test tube filled with hydrochloric aid and pro- 
vided with a one-hole cork stopper attached to a glass 
rod is placed in the above solution and is crushed 
therein. Asa result of the evolution of carbon dioxide, 
a white foam composed of carbon dioxide and saponin 
is produced, which pours out of the cylinder like a 
cream. If the production of foam is made in an ap- 
paratus in which the sprayer tube is about 8 mm. in 


The Minimax fire extinguisher ap- 





diameter, then we can extinguish the 
fire of a wooden board. (See Fig.1.) 

Result: Saponin solution in combina- 
tion with carbon dioxide develops a 
strong foam which can be used for ex- 
tinguishing fires. 

Use: In foam extinguishers, the 
saponin-foam is produced either accord- 
ing to Experiment 20 or from a dry 
mixture of saponin, sodium bicarbonate, 
and olaxic acid or aluminum sulfate. 
To this mixture, water is conducted 
by a rubber hose. (Explain this re- 
action.) Perkeo hand fire extinguishers, 
Minimax foam extinguishers, and foam 
generators use this principle. 














Figure 1 





EPITAPH 


To the Editor: 

I was certainly interested in seeing the epitaph on 
page 435 of the September issue. The footnote is 
undoubtedly an error, attributing this to an American 
source. It was printed in a book published in 1757 
in England. This is Hackett’s “Epitaphs” and this 
particular epitaph can be found on pages 191-2 of 
Vol. 2. The two differ only in seven words and that is 
mostly in spelling. For instance, the English edition 
has “chemist” in place of “chymist,” and “reverbera- 
tory” instead of “reverberating furnace.” 


JoHN M. MIcHENER 


Wicuita Hicu ScHoo. 
East Wicuita, Kansas 
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PERIODIC TABLE 


To the Editor: 

When dealing with the subject of the Periodic Law 
in textbooks for general college chemistry, many authors 
include a discussion of ‘Defects of the Periodic Table.” 
One of the items sometimes listed among these ‘‘de- 
fects” is the fact. that there seems to be a lack of cor- 
relation between the order of elements in the table and 
the electromotive series of the metals. : Not only are 
the members of a given family in an unexpected order, 
but families may be interspersed—e. g., sodium comes 
after some of the alkaline earths. Beyond the first 


two families of metals more than the outside electron 
shell may be involved in ionization, and perhaps not 
much regularity is to be expected. Those elements 
with only one incomplete shell of electrons (variously 
known as the “A” groups, or the “representative” 
elements) are quite regular in many of their properties, 
and the thinking student often asks about this dis- 
crepancy in the alkali metals and alkaline earths. 

Of course, the presence of water in the system is 
primarily responsible. However, it is not the purpose 
here to discuss these causes, but to point out a series 
which is perhaps more fundamental as a measure of the 
ease of ionization of a metal. B. Neumann and H. 
Richter (Z. Elektrochem. 31, 287,'296, 481 (1925)) 
give the values shown in the table for the decomposi- 
tion potentials of molten metallic halides. To be sure 
the potentials given in column III are quite irregular 
but the consistency of the order in columns I and II 
with that of groups I and II in the periodic table is 
notable. Only lithium and barium are in-a question- 
able relationship. 

It is not to be implied that the ordinary “electro- 
motive series’ based on aqueous solutions should be 
discarded or replaced, since its importance is obvious. 
It is of academic interest, however, that such a series 
exists; and from pedagogic standpoint, it is of interest 
in that it helps to satisfy the intellectual curiosity of 
the better student. Further details are given in the 
article cited above. 
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Decomposition Potentials of Molten Chlorides at 18°C.* 
Column I Column IT Column ITT 


2.909 V. Ba 2.154 V. 2.097 V. 
Sr 2.075 1.748 
Ca —:1.908 1.747 
Mg 1.422 1.645 
Be 0.811 1.436 
0.845 


* Calculated values by extrapolation from molten salt tem- 
perature and using 1.353 V. for the potential of the anion. 
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— AXIS MODELS FROM TOOTHPICKS AND 


To the Editor: 

In the course of studying the structure of crystals 
an idea was hit upon to make the axes out of the 
simplest materials at hand, toothpicks and pins. These 
can be arranged to show clearly, and in three dimensions, 
the structural forms of the axes. 

The photograph accompanying this article shows the 
six structual axes. ~ 
D. Rhombic System 
E. Monoclinic System 
F.  Triclinic System 


A. Regular System 

B. Tetragonal System 

C. Hexagonal System 
Ricuarp E. Kupe. 
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CHRISTMAS CHEMISTRY 


_ To the Editor: 


The following is a copy of an examination in general 
chemistry given the day the students left for Christmas 


vacation. . 
Since this is the first time “Home” for many of the 


freshmen, they are not in a very acceptable mood for an 
examination. ‘The members of the chemistry depart- 
ment found’ that this type of questioning brought un- 
usual results. One could take that more than one way. 


(1) How would you melt the ice on a slippery sidewalk to 
keep Santa from having an accident? Give complete explana- 
tion of phenomena. ; 

(2) What cooking device would be a suitable gift to a house- 
wife who lived on the top of a mountain? Explain fully. 

(3) When Santa came down the chimney with a chemfstry 
set for a chemistry student, he spilled some mercuric nitrate on 
the copper buttons of his red coat. Describe what happened. 
Write equations for the chemical reaction between the mercuric 
compound and the copper. Indicate valence change. Write 
partial oxidation and partial reduction equations. 

(4) Santa needed pure water for his battery. Only snow was 
available. This snow contained dust particles and dissolved 
gases. How would Santa be able to obtain pure water from the 
snow? Complete explanation is necessary. } 

(5) Santa was preparing some plaster-of-Paris charms. He 
wanted to make some of them yellow. The pigment used was 
lead chromate. Write equation for the preparation of lead 
chromate. 

Explain the hydration of plaster-of-Paris. 
and formula of the hydrated product? 

(6) Because of overwork and slight indulgence in Christmas 
sweets, Santa had recourse to sodium bicarbonate. Write the 
equation for the hydrolysis of the bicarbonate. Write the 
equation for the action of the bicarbonate with the acid of the 
gastric juice. 

(7) Santa prepared hydrogen and collected it over water. 
Write equation for this preparation. A liter of dry hydrogen was 
needed for a barage balloon. The temperature was 20°C. and 
the pressure 630 mm. What volume of hydrogen would have 
to be prepared? (Vapor pressure of water at 20°C. is 17.5 mm.) 

(8) The chemistry set of Santa’s contained material to demon- 
strate deliquescence and efflorescence. What would happen if a 
crystal of calcium chloride hydrate and copper sulfate hydrate 
were placed in a stoppered tube, each crystal separated from the 
other by a thin layer of cotton. Explain phenomena fully. 

(9) A little girl wrote a very late letter to Santa asking for a 
blonde-haired doll. Santa was very sorry but all the blondes were 
out. What did one of Santa’s helpers suggest fpr the transform- 
ing of a dark-haired doll to a blonde? Write equation for the 
reaction involved. 

(10) May the joys and blessings of this Season, be with you 
and‘yours. ; 


What is the name 


Sister M. EMERAN AND SIsTerR M. JOAN 


CoLLEGE oF Saint FRANCIS 
JouieT, ILLINOIS 
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WETTING AGENTS IN THE FIRE-FIGHTING 
INDUSTRY’ 


Since water is the most universally used extinguish- 
ing agent for solid combustibles and is being recog- 
nized as an important agent for certain flammable 
liquids, the history of the fire-protection industry 
largely traces the development of equipment and 
techniques for its applicAtion. 

Water has had an important place in the extinguish- 
ment of fires for three major reasons. First, it is a 
common material and is available practically anywhere 
without cost. Second, it has great heat absorption 
capacity, enabling it to cool burning solids rapidly be- 
low their ignition temperatures. Third, and equally 
important, water is an efficient liquid. A liquid-ex- 
tinguishing agent has important advantages in com- 
parison with solid or gaseous types, not only in trans- 
portation and handling operations, but also in the 
actual extinguishment of solid combustibles. 

Fires occurring in solid combustibles are invariably 
in three dimensions and the extinguishing medium— 
water—can normally be directed to a single plane. 
It has been emphasized repeatedly that water to cool 
and extinguish burning materials must reach the seat 
of combustion.: If water were not a liquid, capable of 
flowing and spreading around fire conflagrations to 
reach the seat of combustion, it would be a compara~ 
tively inefficient extinguishing agent. 

Another important function of water in practical 
fire fighting is its use to delay or prevent the ignition of 
combustibles. This function of water invariably is 
concurrent with actual extinguishment. For example, 
water used in extinguishing forest fires is partly 
applied to the burning material and partly applied 
to the unburned portion of the fire line. Water may 
also be utilized solely for this purpose for protecting 
exposures—for example, nearby houses. The same 
basie reasons outlined under extinguishment—namely, 
availability, cooling capacity, and liquid character- 

1 Presented at the Ninth Summer Conference of the 


oa Wellesley College, Wellesley, Massachusetts, Aug. 





WILLIAM W. PARKER 
Arnold, Hoffman and Company, Inc., Providence, 
Rhode Island 


istics—also are valid when water is employed to delay 
or prevent ignition. 

The importance of the liquid characteristics of water 
in fire fighting had not been emphasized until wetting 


agents came into use. 


It has been demonstrated under practical fire con- 
ditions that water will not extinguish fires occurring in 
such materials as coal piles, stored grain, and baled 
textile fibers. In fact, one of the most serious prob- 
lems in the control of forest fires is not the extinguish- 
ment of the spectacular surface fire, but the complete 
extinguishment of the ground fire. In both decid- 
uous and coniferous areas where there are sizable 
amounts of ground litter, water has not proved to be 
effective in completely extinguishing a fire line. Water 
under these conditions will rarely completely saturate 
and penetrate through the ground litter to mineral 
soil. The basic reasons for this failure may be found 
by analyzing the liquid and wetting properties of water. 
Therefore, standard operating procedures for forest 
fires, as outlined by the U. 8. Forest Service and other 
organizations, have been to remove the combustible 
materials and expose mineral soil by trenching. This 
procedure is both tedious and expensive. In many 
areas, because of personnel problems, it is virtually 
impossible to put this technique into practical use. 

Fundamentally, wetting dnd surface-active agents 
are empolyed to alter the liquid properties of water and 
enable it to flow more rapidly and efficiently and pene- 
trate into combustible materials. Water so treated 
can also flow more readily around surfaces to protect 
exposures and penetrate more rapidly combustibles to 
prevent or delay theirignition. A one per cent aqueous 
solution of a good wetting agent will penetrate loose 
cotton batting 300 times as fast as un-treated water. 

Recent work also indicates that water treated with 
a properly formulated wetting agent will boil away 
from a surface more rapidly. It follows that if water 
boils away more rapidly it cools the surface faster and 
consequently speeds extinguishment. 
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Although the fundamental principles involved in 
the use of wetting agents in the fire protection industry 
are simple, practical problems involving equipment 
and techniques are numerous. 

Although many surface-active and wetting agents 
are commercially available, an efficient formulation for 
this industry should have the following characteristics. 
It should be readily soluble in water over a wide tem- 
perature range. It should form a water solution which 
has long-term stability and efficiency. It should per- 
form with all naturally occurring water supplies, and 
such water supplies may be acidic or alkaline or may, 
contain high concentrations of inorganic salts. It 
should produce little change in nozzle or pump charac- 
teristics. It should be noncorrosive to the metals 
used in fire extinguishing equipment. It should incor- 
porate a rust inhibitor to control the acceleration in the 
rate of rusting where premixed solutions are stored in 
ferrous tanks such as the booster tanks of fire trucks. 

Another major problem is the development of proper 
proportionating equipment in order that wetting agents 
may be introduced into line discharges with economy 
and accuracy. Comparable equipment has been de- 


veloped for the introduction of mechanical foams. ° 


Normally, mechanical foam is used at concentrations of 
6 per cent by volume. Wetting agents are normally 
employed for fire extinguishment in concentrations 
ranging from 0.25 to 2 per cent by volume. The 
energy requirements for wetting agent proportionators, 
consequently, are lower than those for use with me- 
chanical foams, and pressure drops across efficiently 
designed proportionating equipment will be less. 
Finally, proposed wetting-agent formulations should 
be subjected to both laboratory fire-test programs and 
field-test programs under practical fire-fighting con- 
ditions. There is a critical need for an accurate fire 
test procedure for solid combustibles. Controlled 
laboratory fire conditions have been attempted by the 
Danish investigator, F. Folke, as well as by T. R. 
Truax of the Forest Products Laboratory, U. S. De- 
partment of Agriculture, Madison, Wisconsin. De- 
tails of Mr. Truax’s test procedure are reported in the 
October, 1939, issue of Fire Control Notes, U. 8. De- 
partment of Agriculture. These tests used a small 
crib-type setup of wood. Important variables which 
must be controlled are: ‘average moisture content of 
the fuel, fuel homogeneity, draft conditions, ignition 
source, and rate and method of extinguishing-agent 
application. In the tests conducted by Mr. Truax, 
the extinguishing agent, water, was applied manually 
through a small glass nozzle. This introduced a 
sizable human-error factor. In both the tests con- 
ducted by the Factory Mutual Laboratories in Boston 
and by our organization much larger crib setups were 
used. These cribs consisted of two-by-fours, 4 ft. in 
length, 4 pieces to a tier and from 8 to 11 tiers in 
height. The cribs weighed approximately 245 Ib. 
To eliminate the human error in water application a 
fixed spray nozzle system was employed. Even by 
meticulous attention to other details, it was only with 


‘modern fog nozzle equipment, they have greatly in- 
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great difficulty that reproducible results were obtained, 

The first major investigations of the use of wetting 
agents for the extinguishment of solid combustibles and 
flammable liquids were conducted by the Factory 
Mutual Laboratories and by Arnold, Hoffman & Co., 
Inc. Fire tests were conducted by both organizations 
with properly formulated wetting agents in concentra- 
tions varying from 0.5 to 2 percent by volume. Some 
of these solutions extinguished the burning cribs three 
times as fast as plain water. In other tests witlt kero- 
sene extinguishment with water spray nozzles was ef- 
fected in one-half the time and with one-half the nozzle 
pressure required for plain water. Results, however, 
with more volatile liquids whose flash points were less 
than 100°F. were of no practical value. 

Concurrently, with cooperation from fire depart- 
ment and forestry personnel, our company initiated a 
a major field testing program with a wetting agent 
formulation termed “Drench.” After 18 months of 
field experience with fires of most types, including 
frame building and forest fires, the general theory and 
laboratory results had been substantially validated. 
In the Rhode Island area alone over 40 brush and 
forest fires have been extinguished with “Drench.” 
It is the considered opinion of the operating personnel, 
including rangers of the Rhode Island Division of 
Forests & Parks, that the use of ‘‘Drench” on these 
fires has resulted in faster fire-line extinguishment and 
completely eliminated the necessity for tedious over- 
haul, patrol, and trenching of the fire lines. “Drench” 
has been used in the booster tanks of the Providence 
Fire Department for several months with spectacular 
results. Chimney, partition, and upholstery fires 
have been speedily extinguished with small quantities of 
treated water. Formerly, it was necessary, because of 
lack of water penetration under such fire conditions, to 
use much larger quantities of water or to remove physi- 
cally the corhbustible material. This agent has also 
been widely used in rural fire fighting where water 
supplies are extremely limited. Such departments 
rely almost entirely in the initial stages of fire fighting 
upon tank water supplies. By treating a water supply 
with the wetting agent and by skillful application with 






























































creased the extinguishing capacity of their equipment. 
Other organizations have actively investigated this 
new field of fire protection and additional products are 
available at the present time. 

Although much test and field data are available which 
definitely indicate that the proper utilization of wetting 
and surface-active agents will greatly increase the ex- 
tinguishing efficiency of water, additional research and 
development are needed both in the laboratory and in 
the field. More accurate laboratory test procedures 
should be devised. Reliable proportionating equip- 
ment must be developed and fire protection personnel 
trained in the theory, application techniques, and 
limitations of wetting agents to capitalize fully on this 


development. 
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e Official Business 
242nd Meeting, October 18, 1947. 

School, Laconia, New Hampshire. 

The following program was given at the 242nd meet- 
ing of. the N.E.A.C.T.: Greetings, Rhoden B. Eddy, 
Superintendent of Schools, Laconia, New Hampshire; 
“Cobalt in a Nutritional Deficiency in Cattle,” Gordon 
P. Percival, University of New Hampshire; ‘Applica- 
tion Research in Industry,’”’ Frederic L. Matthews, As- 
sociate Director of Research, Merrimac Division, Mon- 
santo Chemical Company; “Antibiotics—a review,” 
John E. Little, University of Vermont. A short busi- 
ness meeting followed the luncheon. 

President Eldin V. Lynn has announced the appoint- 
ment of the following committees: 


Chemical Education Committee: Evelyn Murdock, 

_ Chairman, Ralph E. Keirstead, Amasa F. Willis- 
ton, Paul F. Stockwell, Benjamin R. Graves, 
Harry Wiley, and David L. Davidson. 

Necrology Committee: S. Walter Hoyt, Chairman, 
Rev. Bernard A, Fiekers S. J., and Raymond & 
Tobey. 


Tenth Summer Conference Committee. As has been 
announced previously, John A. Timm has been ap- 
pointed Chairman. Carl P. Swinnerton has been ap- 
pointed Co-chairman. Those who already have been 
appointed are Ralph E. Keirstead, Elbert C. Weaver, 


Laconia High 


Donald C. Gregg, Leallyn B. Clapp, and John C. Hogg. 


Plans are going forward to issue in 1948 a special 
booklet to commemorate the fiftieth anniversary of the 
founding of the Association. 


a Necrology 

Edward F. Holden, a charter member of the New 
England Association of Chemistry Teachers, died on 
March 5, at his home, 32 Lake Avenue, Melrose, Massa- 
chusetts. In his passing the Association has undoubt- 
‘edly lost the last of those who participated in the or- 
ganization of this Association in 1898. 

A perusal of our old reports shows that Mr. Holden 
served as Treasurer from 1899 to 1906, then as Vice- 
President for two years, 1907-08. He is listed as an 

. Honorary Member in the Manual of 1910. After a dec- 
ade of active participation in Association work, he be- 
came inactive due to a shift in his teaching program. 
He was also a noted authority on ornithology. 
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Mr. Holden graduated Phi Beta Kappa from Bow- 
doin College in 1883. He served as sub-master of the 
Portland (Maine) High School from 1884 to 1886. For 
twenty-one years he taught in the Charlestown (Mass.) 
High School and for fifteen years at the High School of 
Commerce in Boston. He retired in 1923 and was 
eighty-nine years old at the time of his death. 

Surviving are a wife, Mary, a son, Edward W. Hol- 
den of Concord, New Hampshire, and two daughters, 
Mrs. Francis Dow of Livermore Falls, Maine, and Mrs. 
Hector MacDonald of Melrose, Mass. 

S. WatTer Hoyt, Chairman, Necrology Committee. 


B New Members 

Robert C. Ericson, Mary Brooks Junior College, Bath, 
Maine 

Carroll C. Hall, Springfield High School, Springfield, 
Illinois 

Clarence D. L. Ropp, University of Bridgeport, Bridge- 
port, Connecticut 

Edna H. Shaver, Russell Sage College, Troy, New York 


e Schedule of Meetings, 1947-48 

December 13: Harvard University, Cambridge, Massa- 
chusetts (Joint meeting with the Eastern Association 
of Physics Teachers and the New England Biology 
Teachers Association) 

February 14: Rhode Island State College, Kingston, 
Rhode Island 

April 3: St. Thomas Seminary, Bloomfield, Connecti- 
cut 

May 8: Malden High School, Malden, Massachusetts 
(Annual Meeting) 


@ Officers for 1947-48 


Eldin V. Lynn, President, Massachusetts College of 
Pharmacy, Boston 15, Massachusetts; Dorothy W. 
Gifford, Secretary, Lincoln School, Providence 6, Rhode 
Island; Lawrence H. Amundsen, Editor of the Report, 
University of Connecticut, Storrs, Connecticut; Mil- 
lard W. Bosworth, Immediate Past President; John R. 
Suydam, Vice-President; Carroll B. Gustafson, Treas- 
urer; Leallyn B. Clapp, Southern Division Chairman; 
Helen Crawley, Central Division Chairman; Jean V. 
Johnston, Western Division Chairman; Donald C. 
Gregg, Northern Division Chairman; Ralph E. Keir- 
stead, Curator; Elbert C. Weaver, Chairman Endow- 
ment Fund; S. Walter Hoyt, Auditor. 
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DIVISION OF CHEMICAL EDUCATION 


MINUTES OF MEETING OF EXECUTIVE COMMITTEE 
OF THE DIVISION 


McAlpin Hotel 
September 15, 1947 


Onxy two members of the Committee were able to 
be present, John C. Bailar, and Frank D. Martin. As 
this did not constitute a quorum, those present felt that 
they should perform only the functions which could not 
be delayed. They approved the following symposia 
for the Chicago Meeting in the spring of 1948: 


1. “The Content of the Course in Beginning Quan- 
titative Analysis.” Suggested by Dr. P. J. 
Elving of Purdue. 

‘Application of Modern Theoretical Concepts to 
the Teaching of General Chemistry.” Sug- 
gested by H. H. Sisler of Ohio State and J. A. 
Campbell of Oberlin. 

“Design of Radiochemistry Laboratories.” Sug- 
gested by J. A. Swartout of Monsanto Chemi- 
cal Company, Clinton Laboratories, Knox- 
ville, Tennessee. 

‘Valence and Resonance.” Suggested by Samuel 
Glasstone, Boston, Massachusetts. 

“Chemical Placement.” Suggested by Forrest 
Anderson of Wilkins-Anderson Company. 


Dr. T. A. Ashford of the Committee on Tests ap- 
peared and explained that he had not been able to pre- 
pare a detailed report of his Committee to accompany a 
budget request as he had agreed to do at the spring 
meeting in Atlantic City. The Chairman urged him to 
prepare such a report and budget request and to submit 
it to the Secretary of the Division so that it could be 
circulated among the members of the Executive Com- 
mittee. Dr. Ashford agreed to do this. 

Dr. Ashford also presented nominations for his Com- 
mittee. He wishes to reappoint Gordon H. Pritham and 
Ed F. Degering for three years. He wishes to appoint 
Otto M. Smith for a period of three years. Alexander 
Calandra has resigned and Dr. Ashford wishes to replace 
him by Rufus Reed. The term of this appointment ex- 
pires in 1948. These nominations were approved. 


Report submitted by Jonn C. Batnar, JR., 
in the absence of Paut H. Faun, Secretary 


MINUTES OF THE BUSINESS MEETING 


McAlpin Hotel 
September 18, 1947, 11:30 A.M. 


OF THE AMERICAN CHEMICAL SOCIETY 


112th Meeting, New York, New York 
September 15-19, 1947 


Meeting was cal 2 to order by the Chairman, John 
C. Bailar, Jr. It wa: moved and seconded that the 
Division of Chemical Education send a telegram to Dr. 
K. L. Haenisch expressing sympathy on the death of his 
son. Passed unanimously. 

In the absence of the Treasurer, the Chairman read 
the Treasurer’s report, a copy of which is attached. 
The Chairman also read the report of Mr. Weaver’s 
Committee which is as follows: ‘Project: The Com- 
mittee on High School Chemistry proposes to try to 
set up in each of the several sections of the American 
Chemical Society, committees that will cooperate with 
the high-school chemistry teachers in their territory. 
Such A. C. §. division committees would aid in popular- 
izing chemistry in the, high-school curriculum, cooper- 
ate in offering industrial trips, possibly give chemistry 
awards in the high schools for achievement, act to im- 
prove the quality of instruction, aid in securing ade- 
quate laboratory facilities, etc. A small number of di- 
visions already have such projects under way. It is the 
aim of the Committee’s project to extend this coopera- 
tion.” It was suggested that this Committee should 
work in close association with the new Committee on 
Local Section Activities and that Mr. Weaver and his 
Committee should attempt to collect and disseminate 
information on local sections which are giving aid and 
encouragement to high schools in their vicinity. It 
was moved and seconded that Mr. Weaver’s report be 
accepted. Carried. 

Mr. Weaver, in a letter, proposed that Dr. Alfred 
Seeley Brown should be appointed to the Committee on 
High School Chemistry in place of T. A. Ashford. He 
nominated T. D. Kelsey to succeed himself. These 
nominations should have been brought before the Execu- 
tive Committee, but they did not reach the Com- 
mittee in time, so they were reported to the Division as 
a whole. The Division confirmed them by unanimous 
vote. 

Professor Otto M. Smith recommended the following 
people for membership on the Committee to Study 
Problems of Teachers of Chemistry in es os and Uni- 
versities : 


O. M. Smith, Chairman 

D. G. Nicholson, University of Pittsburgh 
John A. Timm, Simmons College 

Frank Schirmer, Clemson College 


These persons are to serve for a term of three years. 
These nominations were confirmed by the Division. 
Professor 0. M. Smith discussed the new Committee 
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on Chemical Education which will be established if the 
proposed constitution of the American Chemical So- 
ciety is adopted. He moved that the Executive Com- 
mittee be instructed to confer with the office of the 
Society, and those involved in the reorganization of the 
Society, and the present temporary Council Policy 
Committee on Chemical Education. This is to insure 
that the Division of Chemical Education and its re- 
spective committees be considered and recognized in 
the forthcoming reorganization so as to best integrate 
the joint efforts and resources of the Society, the Divi- 
sion, and the members thereof. This motion was sec- 
onded by Dr. Quill and was passed unanimously. 

Dr. Guy of Emery University moved that the Chair- 
man of the Division appoint a Committee to make a 
drive for membership and that this Committee be sub- 
sidized if necessary. This motion was seconded and 
passed. 

It was suggested that the Treasurer of the Division 
in collecting dues, make a point of the fact that dues 
may be paid for a five-year period or any other period 
suitable to the person paying dues. Many people will 
prefer to pay on some such basis. 

Dr. Quill moved that the Chairman of the Division 
appoint a Committee to study the by-laws of the Divi- 
sion and, if the proposed constitution of the American 
Chemical Society is adopted, to suggest such changes 
in the by-laws as will bring them in accord with the new 
constitution. This was carried unanimously. 

It was moved by Dr. Quill that if the proposed con- 


stitution is adopted, the Chairman and Secretary of 
the Division will serve as Councilors representing the 


Division. If either of these is a Councilor because of 
election by his local section or by any other reason, the 
Vice-Chairman of the Division of Chemical Education 
shall represent that Division as Councilor. This plan 
is to be in effect only until the by-laws of the Division 
are amended in such a way as to provide two Councilors. 
This motion was seconded and passed unanimously. 
The Nominating Committee consisting of Dr. Quill 
and Dr. O. M. Smith made the following nominations: 


Chairman: FE. L. Haenisch 

Vice-Chairman: D.G. Nicholson 

Member of Executive Committee: George Sears 
Member of Board of Publications: John A. Timm 


There were no additional nominations so it was 
moved, seconded, and carried that the Secretary be 
empowered to cast a unanimous ballot for this slate and 
to declare these men elected. This was done. 

The meeting adjourned at twelve noon. 

Report submitted by Jorn C. Baruar, JR., 
in the absence of Pau H. Faun, Secretary 


REPORT OF THE TREASURER, SEPTEMBER, 1947 


Receipts: 

Balance September 1, 1946 $5425.83 , 
Dues 254 members. . De rn ie 
Dues for 1948, paid i in advance. . ae 

Interest on Savings Account 


- Stamps, Postmaster, College Park 


Expenditures: 


Dinner for Speaker at Chicago $ 
A. C. 8. News Service Abstracts and Receipt 
Cards (two meetings) 38.02 
Mack Printing Company, Envelopes for Secre- 
tarial Office 14.87 
11.50 


University of Maryland Press, Envelopes for 
Treasurer’s Office 3.50 
Otto Smith’s Committee on College Teaching. 200.00 

E.. C. Weaver Committee on High-School 
Teaching 75.00 
75.00 


PR clones ts Treasurer’ PCHHOES 2.55. 08 5.50 
Secretarial Office Allotment. . ei oe ee 
Stamp, P. G. Trust Company... 1.50 
Reprints of Minutes, Journal Chemical Edu- 

5.44 


Inst. Paper Chemistry at Atlantic City 20.00 


Bank Service Charge 
Total Expenditures 


Balance on hand $7968.93 


Assets are distributed as follows: 


Checking Account, ‘‘Division of Chemical Edu- 
cation,” Prince George’s Bank and Trust 
Company, Hyattsville, Maryland 

Savings Account, same as above 

Three U.S. Savings Bonds, Series G, $100 each, 
Nos. C825780g, C825779g, C825778g, ‘‘Divi- 
sion of Chemical Education,” deposited in the 
safe deposit box of C. E. White at Prince 
George’s Bank and Trust Company, Hyatts- 
ville, Maryland 

Seven U. S. Savings Bonds, Series G, $1000 
each, Nos. M5560890g, M5560861g, M5560- 
859g, M5560858, M5560857g, M5560856g, 
M5560855g, deposited with Robert T. Bald- 
win, Treasurer, American Chemical Society, 
50 E. 41st St., New York 17, New York.... 

$7968 .93 


Cuar.es E. Warts, Treasurer 


OFFICERS 
EXECUTIVE COMMITTEE 1947-48 


BE. L. Haenisch, Chairman, Villanova College, Villanova, 
Pennsylvania. Term expires September, 1948. 

D. G. Nicholson, Vice-Chairman, University of Pitts- 
burgh, Pennsylvania. Term expires September, 
1948. 

C. E. White, Treasurer, University of Maryland, Col- 
lege Park, Maryland. ‘Term expires September, 
1949. 

P. H. Fall, Secretary, Hiram College, Hiram, Ohio. 
“Term expires September, 1949. 

Member at Large, du Pont Company, 


George Sears, 
Delaware. Term expires September, 


Wilmington, 
1948. 

L. L. Quill, 
College, East Lansing, 
September, 1948. 

J. C. Bailar, Jr., Immediate Past-Chairman, University 
of Illinois, Urbana, Illinois. Term expires September, 
1949. 


Michigan State 
Term expires 


Former Past-Chairman, 
Michigan. 





Keceut- Goole 


@ ENCYCLOPEDIA OF HYDROCARBON COMPOUNDS. 
VOLUME II: C; AND C, 


Joseph Escott Faraday. Chemical Publishing Company, Inc., 
New York, 1947. xxix + 603 pp. 17 X 23cm. $17.50. 


VoutvumE II of*this recent Encyclopedia deals with hydrocar- 


bons containing six and seven carbon atoms per molecule. The 
publication of the first yolume provided an opportunity for chem- 
ists to express opinions about the work and to make criticisms and 
suggestions. Apparently several of the suggestions have been 
put into effect in this volume. Likewise, similar changes have 
been incorporated into the two sets of replacement-addition 
sheets thus far issued for Volume I. These two sets of supple- 
ments bring the first volume up to date as of January 1, 1945, and 
January 1, 1946, respectively. The suggestion most frequently 
made was that recommended methods of laboratory preparation 
should be indicated in some way. With this second volume, 
methods of preparation which may lend themselves particularly 
to performance in the laboratory are indicated. Such methods 
are those which use readily available starting materials, require 
no specialized apparatus, and give good yields. In this volume 
also the index of trivial names has been expanded to a cumulative 
name index. A different system of classification, new to chem- 
istry, is introduced for the first time in this volume, to make 
reference to the desired compounds. This number has been 
termed the Faraday Number. References used are now changed 
in form to comply to conventional practice. Further comment 
than was given in a review of the first volume is not necessary. 
[See J. Cuem. Epucation, 24, 467 (1947).] 

The contents include a Foreword, Infcrmation Presented, 
Sources of Information, System of Arrangement, The Faraday 
Number, Display of Subject Matter, Nomenclature, Abbrevia- 
tions, List of Journals to which reference is made, Complete 
Cumulative Name Index C,-Cs, Hydrocarbons with Six Carbon 
Atoms, and Hydrocarbons with Seven Carbon Atoms. This 
second contribution conforms in essential details with Volume I 
of the series. Its preparation, appearance, value, and usefulness 
equal or excel in every way the previous book. 


RALPH E. DUNBAR 


Norts Daxota AGRICULTURE COLLEGE 
Faroco, Norta DakoTa 


@ THE ATOMIC STORY 


John W. Campbell. Henry Holt & Company, New York, 1947. 
297 pp. 34 figs. 14 X 2lcm. $3.00. 


THE PUBLICATION of the Smyth Report, “Atomic Energy for 
Military Purposes” (1945) started a chain of books on atomic 
energy. The earlier ones were hastily written and contained very 
little of real value that could not be obtained in the Smyth Re- 
port. None of the books previous to ‘“The Atomic Story” de- 
veloped in detail the full implications of the release of atomic 
energy. Most writers have been afraid to confront the public 
with the social responsibility that atomic energy involves, and the 
few who have neted it have emphasized only one phase of its 
destructive power, the atomic bomb. The bomb is in reality the 
minor weapon resulting from atomic energy. The radioactive 
dusts described in the Smyth Report (4.27), and the atomic pile 
for the unshielded jet plane are far more deadly than atomic 
bombs. Most writers confine the beneficial effects of atomic 
energy to power, tracer elements for research, and probable use in 
combating cancer. However these omissions were corrected by 
Campbell in his recent book. 


The first part of the book, ‘“The Quest for Atomic Knowledge,” 
assumes that the reader is familiar only with the physics and 
chemistry obtained in high school. .However the historical de- 
velopment used for this section lends special interest to anyone 
wishing to know how it all happened. 

The second part, ‘“Making the Atomic Bomb,” consists of 
logical deductions from the Smyth Report and the scientific 
publications published since then. The various methods of pro- 
ducing fissionable elements are described in somewhat more detail 
than in most books on atomic energy. The author has woven 
into his story of atomic energy a mass of information published 
prior to 1940 and with which most writers assume their readers to 
be familiar. The first two sections are definitely written for the 
general reader who has only a modicum of science but who is 
intelligent and willing to learn about the subject. Few writers 
have been able to write about technical subjects so interestingly. 

Atomic energy can destroy the race; it can also aid in building 
a civilization that exists today only in the dreams of the imagins- 
tive writer and the scientist. The author points out again and 
again one vital fact emphasized by all atomic scientists: that 
enough data had already been published by 1940 to enable any 
country on the earth to develop atomic energy. The knowledge 
that it has been accomplished guarantees that other nations will 
develop it. 

The average scientist will be amazed, and probably incredu- 
lous, that so much atomic information has been released. For 
example, the critical masses of the atomic bombs, and the rate of 
production of U-235 have been stated in lectures by various 
atomic scientists within such narrow limits that it is easy to make 
an accurate prediction. 


THOMAS 8S. GARDNER 


HorrMan-La Rocue, INcORPORATED 
Nut.ey, New Jersey 


@ BIBLIOGRAFIA QUIMICA 


Maria Serrallach, University of Barcelona. 


First Edition. 
Imprenta Clarasdé, Barcelona, Spain, 1946. xvi + 358 pp. 


15 X 21cm. 


Tuis book, ‘‘Chemical Bibliography,” differs from other chemi- 
cal literature books in that it is not a manual or college textbook 
as much as it is a handy reference book for investigators who are 
unfamiliar with library classifications or with books dealing with 
particular technical subjects. The author has found in her nine 
years of work in a chemical library that such a bibliography could 
be invaluable to engineers, chemists, pharmacists, and students 
alike. She began this bibliography in an article published in 
Afinidad in 1948, but this was found to be insufficient. 

There are fourteen sections in the bibliography which may be 
conveniently located by a system of tabs similar to the divisions 
made in large dictionaries. The first section consists of a general 
chemical bjbliography of the principal books which have appeared 
since 1920. The section is subdivided for convenience into twelve 
subdivisions which include such divisions as inorganic chemistry, 
biological chemistry, analytical chemistry, industrial chemistry, 
physical constants, patents, and monographs. These subdivi- 
sions are further divided into subgroups. The division on indus- 
trial chemistry, for example, includes such groups as fats and oils, 
textiles, papers, paints, resins, ceramics, petroleum, explosives, 
inks, and metallurgy. This first section is concluded with an 
interesting and convenient list of the world’s leading publishers of 
chemical literature. The companies are arranged alphabetically 
by countries and the complete address of each is given. 

The next section is devoted to brief discussions of the important 
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treatises on organic and inorganic chemistry and to the type of 
material which may be found in each. The use of abstracts is 
discussed in Section 3 and instructions are given for the use of the 
various indexes included in the leading abstracting journals. In 
the fourth section an outline of the principal chemical periodicals 
is given under the same group headings found in Section 1. 

The fifth section consists of an alphabetical list of common 
abbreviations of periodicals and reviews together with the com- 
plete name of each. A large table of the most important periodi- 
cals is given in Section 6 which shows the volume number of each 
corresponding to any year from 1850 to 1944. No information 
is given for some in the last few years because of the uncertainty 
of their publication during the war years. 

The next six sections of the book could only be of value to 
Spanish-speaking people. These are German-Spanish and. Eng- 
lish-Spanish glossaries of abbreviations and difficult words and 
idioms which are commonly encountered in chemical literature. 

Although this bibliography is written in Spanish, it could be 
very useful to English-speaking workers as well. The material 
is well organized and logically outlined so that it could be a time 
saver and convenient guide to any person unfamiliar with a chemi- 
callibrary. Much of the information presented is familiar to the 
average chemist, but the material given in Section 1 is a good 
reference to the most recent books published in a wide variety of 
chemical interests. 


MARGIE N. HALE 
PuRDUE UNIVERSITY 
LAFAYETTE, INDIANA 


3 FUNGI 
F. A. Wolf, Duke University, and F. T. Wolf, Vanderbilt Uni- 


versity. John Wiley & Sons, 1947. Volume II. xii + 538 pp. 
82 figs. $6.50. 


WHEREAS the first volume of Wolf and Wolf’s ‘‘Fungi’”’ was con- 
cerned with the morphology and taxonomy of the fungi, this com- 
panion volume deals primayily with their activities. Essentially, 
it is a well-planned and well-executed comprehensive review of 
significant papers which have appeared on such physiological 
aspects of fungi as nutrition, enzymes, respiration, general bio- 
chemistry, effects of température, radiation, and the yeaction 
of the substrate to fungous incursion. There are also chapters 
on spore germination, host penetration, physiologic specialization 
and variation, associative effects, and mycorrhizae and myco- 
trophy. The chapter on the genetics of fungi although much 
condensed is particularly well done. After resumés of such topics 
as poisonous and edible fungi, fungi as the causal agents of disease 
in man, geographical distribution, the relation of mycology to 
plant pathology, soil fungi, fungus-insect interrelationships, 
marine and fossil fungi, the book closes with an index of authors 
cited and a subject index. The volume brings together in a 
thoroughly readable manner a vast amount of information on the 
physiological and biological activities of fungi. ; 


F. K. SPARROW 
University or MicHIGAN 
Ann Arsor, MICHIGAN 


‘@ COATING AND INK RESINS: A TECHNOLOGI.- 


CAL STUDY , 


William Krumbhaar, President, Krumbhaar Chemicals, Inc., 
New Jersey. Reinhold Publishing Corporation, New York, 1947. 
v+318pp. 29 figs. 16 X 23.5cm. $7.00. 


FRoM THE many kinds of resins useful in the protective coatings 
and printing ink industries, the author has selected for exclusive 
discussion the few solid resins of the phenolic, maleic, and ‘‘co- 
palized synthetic” types to which he has devoted his attention 
since starting his own company several years ago. Of these he 
gives, without attempting to go into structural details, a good 
picture of their general chemical relationships and activities. He 
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emphasizes molecular weight as a distinguishing characteristic, 
and describes a modified freezing-point method of determining 
this which is claimed to be more accurate than most now in use. 
He finds that for the commercially important oil-soluble resins, 
molecular weights lie in the range from about 1200 to about 
2000—lower than has frequently been assigned to them. Two 
special processes for improving the solubility and at the samé 
time raising the melting point are treated at some length. There 
is also a discussion of the question of reactivity between resins and 
drying oils; of the uses of the resins in formulation of coatings 
and inks, and of the present patent situation as it bears on such 
matters. Modern equipment and apparatus for resin manufac- 
ture are described. 

Illustrations are numerous, with several color plates. The 
book is directed less to the ordinary student, who may find it 
rather too specialized, than to technicians of the coating and ink 
industries for whom it provides some interesting points of view. 


Cc. R. BRAGDON 
INTERCHEMICAL CORPORATION 
New York, New Yorke 


e BASIC CHEMISTRY 


Ernest E. Bayles, University of Kansas, and Arthur L. Miller, 
Lake Geneva High School, Lake Geneva, Wisconsin. The 
MacMillan Company, New York, 1947. xii+ 720 pp. 356 figs. 
15 X 22cm. $3.00. 


THIS HIGH SCHOOL text, one of the most attractive of the newer 
books, offers a somewhat new approach to the study of chemistry. 
The book is divided into ten units, of which the first six (344 pp.) 
are devoted to a presentation of the scientific method as applied 
to chemical study, and the application of this method in the 
development of an understanding of the fundamental principles, 
theories, and laws. In the first unit, where the problem, ‘‘How 
May Hard Water Be Softened?”’ is answered, an excellent intro- 
duction is made both to the method of scientific study and to a 
typical chemical problem. Frequent summaries are included and 
the listing of unsolved problems leads directly to the work of the 
succeeding chapter. In the remaining units this method is fol- 
lowed, though with varying success. In the chapter on carbon 
and its oxides it will take an alert student to properly evaluate 
the temporary conclusions concerning the valence of carbon. 
The phrases ‘‘we might say,” and “‘it would seem,’’ all too fre- 
quently introduce ideas later discarded as inadequate. The 
student may also take exception to the asserted ease with which 
certain results can be accomplished: ‘‘Thus, you can see that 
experimental determination of the molecular weight of any gas is 
a fairly easy matter’ (p. 189) though he has just been assured 
(p. 183) with regard to the laws of Boyle and of Charles, ‘‘We 
need not be able to work problems involving these laws.”’ 

The later units of the text are devoted to a study of the metals, 
the nonmetals, and the organic compounds, while the last is on 
the place of chemistry in the world of today. 

Throughout the book, save in this last unit, there is less empha- 
sis on the commercial aspects of chemistry than is usual in texts. 
This is in keeping with the plan of the book, according to which 
problems are set up, data collected, and conclusions drawn to 
answer the specific questions used as titles of the thirty-seven 
chapters. Yet it seems unfortunate to go no farther than to say, 
‘‘Some nitric acid may be produced by the oxidation of ammonia” 
(p. 512), or, regarding the production of steel, to state that 
“Three chief methods are employed,” without an indication of 
their relative importances. 

It is more difficult to explain some inequalities of emphasis, 
such as the detail devoted to the extraction of fluorine and the 
brevity with which the extraction of bromine “by the action of 
chlorine on sodium bromide which is found in sea water’’ is dis- 
missed. The section on organic chemistry is extensive though 
overfull of names and formulas. 

In accordance with the editorial in Tuts JouRNAL, in the issue 
of June, 1947 (p. 261) concerning the use by amateurs of potas- 
sium chlorate and phosphorus as constituents of bombs, it would 
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seem that directions for preparing nitrogen tri-iodide (p. 516) and 
the statement that ‘‘Potassium chlorate mixed with sulfur or red 
phosphorus explodes vigorously when struck with a hammer’ 
(p. 621) might, well be deleted from subsequent editions. 

The earlier portions of the text are written in excellent English 
and are singularly free from errors. Unfortunately this is less 
true of the later portions which include such inaccurate state- 
ments as, ‘‘The refining of petroleum is merely a process of boiling 
it and collecting the distillate” (p. 567) though additional details 
are given later. A full-page reproduction of what appears to be 
a mass of quartz crystals is described as “‘A perfect rhombohedral 
crystal of calcite...” (p. 392). A bell jar type of cell for obtain- 
ing sodium from sodium hydroxide i is referred to as the Castner 
process (p. 382). 

In addition to the choice oni arrangement of its subject matter 
the book has many good points. The drawings used are very 
effective. Done in white on a black background, they catch the 
eye and their labels are unusually instructive. The binding has 
a definite student appeal and the pages are well composed. Ex- 
cellent and up-to-date reading references follow each chapter. 
Appendix tables and a glossary are included. 


GRETCHEN KAUFMAN 


BELLINGHAM HiaH ScHOOL 
BELLINGHAM, WASHINGTON 


6 SEMIMICRO LABORATORY EXERCISES IN HIGH 
SCHOOL CHEMISTRY 


Fred T. Weisbruch, Head of Science Department, William 
Cullen McBride School, St. Louis, Missouri. D. C. Heath and 
Company, Boston, 1946. 25 figs. viii + 269pp. 21 X 27cm. 
$1.48. 


ANY TEACHER contemplating the adoption of a new laboratory 
manual will want to give “‘Semimicro Laboratory Exercises in 


High School Chemistry” full consideration. To be sure, teachers 
who have been looking forward to presenting laboratory work on 
a semimicro scale will find this book a laboratory guide which 
will meet the needs of the students. 

This book is the result of the author’s five years of teaching 
high-school chemistry on a semimicro scale. From the results of 
standardized tests, the author found that students using the semi- 
micro methods scored higher, in both laboratory procedure and 
general comprehension, than the control group using the older 
methods. Students in the control group were later given a term of 
semimicro work. Their conclusion was that “the reactions in 
small quantities call for closer observation of, and increased con- 
centration on, the results produced by the experiment; also by 
the use of this method more work can be accomplished in less 
time.” The author states that interest seems greater among 
those using the semimicro method. 

The book contains sixty-two experiments which are grouped in 
units. They are the traditional experiments which are found in 
any other manual, the difference being that they are to be per- 
formed on asemimicro scale. For instance, the required volumes 
of liquids are usually expressed in drops instead of milliliters, and 
semimicro equipment is used. Another noticeable difference is 
that precipitates are not separated by filtering, but in a much 
faster way by centrifuging. The diagrams are white on a black 
background. The instructions are clearly written, and each ex- 
periment is preceded by a question as to the purpose of perform- 
ing that experiment. Within the instructions are excellent guide 
questions. At the end of each experiment are questions entitled, 
“How Well Do You Understand This Experiment?’ Compre- 
hensive and well prepared, they serve as an excellent check on the 
student’s grasp-of the principles to be learned from the experi- 
ment. In addition to one experiment dealing with the metric 
system, there are seven which are quantitative. 

At the end of each unit is a self-testing exercise based upon the 
preceding group of experiments. Should a teacher wish to use 
these as tests on laboratory work, he will find that they can easily 
be graded, for they are mostly of the completion type. 

This laboratory manual can be used with any high-school 
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chemistry text. ‘Those who have been teaching chemistry on a 
macro basis and who wish to change to that of semimicro will find 
that this is a very suitable book for such procedure. The author 
has prepared a teacher’s manual which serves as a guide in making 
this change. 
W. GLEN TILBURY 


Cuampaian Senior Hieu ScHoou 
CxHamPariGNn, ILLINOIS 


cd THE CHEMISTRY AND PHYSICS OF ORGANIC 
PIGMENTS 


Lyde S. Pratt, Technical Consultant, Calco Chemical Division, 
American Cyanamid Company. John Wiley and Sons, Inc., 
New York, 1947. viii + 359 pp. 103 figures. 17 tables. $6.00. 


THIS BOOK covers in a very broad way the field of commercial 
organic pigments. Ina work of this size which attempts to cover 
everything from electron microscopy to the distillation of coal tar, 
and from the laboratory identification of individual pigments to 
the theoretical relationship of molecular structure to color, the 
treatment of much of the materials must of necessity be superficial. 
Nevertheless, the book should serve a very, real purpose as an 
introduction to this all too often neglected subject. For some 
strange reason, organic chemistry texts usually discuss dyes at 
length but fail even to mention the closely related although sig- 
nificantly different subject of commercial pigments. 

The chapter headings are: Introduction, History, Color and 
Chemical Structure, Color and Physical Structure, Raw Mate- 
rials, Intermediates, Pigments from Natural Organic Colors, 
Synthetic Organic Pigments, Testing of Pigments, Identification 
of Organic Pigments, Pigment Types and Properties, and Con- 
clusion. The chapter on Synthetic Organic Pigments is just 
equal in length to all the other eleven chapters taken together. 
Furthermore, this chapter probably contains far more than half 
of the material of interest and use to the general reader. Here 
are given the structures of many of the most important pigments, 
as well as their methods of preparation and some indication of their 
usefulness in such diverse products as paint, varnish, lacquer, 
enamel, printing ink, carbon paper, typewriter ribbons, rubber, 
linoleum, paper, and plastics. 

The short chapter on Color and Physical Structure is particu- 
larly interesting for it brings out very clearly the wide variations 
in hue, depth, intensity, and brilliance that may be expected for 
pigments that are absolutely identical in composition but which 
vary in particle size. The remainder of the first five chapters 
will be of rather limited use to teachers and advanced students 
because of the elementary nature of most of the material covered 
and because more adequate treatments of these topics are readily 
available elsewhere. 

This book definitely does not include within its scope the vast 
field of naturally occurring organic pigments, although there is a 
short chapter (nine pages) on ten natural pigments that are or 
have been of considerable commercial importance. 

The chapters on testing and on identification are for the most 
part quite detailed, giving in fact specific directions for carrying 
out much of the work in the laboratory. 


LAWRENCE H. AMUNDSEN 
UNIversiITy OF CONNECTICUT 
Storrs, CONNECTICUT 


& GENERAL COLLEGE CHEMISTRY 


Leon B. Richardson and Andrew J. Scarlett, Department of 
Chemistry, Dartmouth College. Fourth Edition. Henry Holt & 
Company, New York, 1947. viii + 704pp. 148 figs. 75 tables. 
16 X 24cm. $4.25. 


IN PREPARING this fourth edition, the authors have rewritten 
the entire text (cf. J. Comm. Epuc., 17, 500 (1940) ). There are 
thirty-four chapters on the nonmetals, the laws and principles of 
chemistry, twelve chapters on the metals, and four chapters deal 
with the topics on carbon compounds which are usually included 
in textbooks on general chemistry. The structure of atoms and 
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nuclear fission are presented in chapters six and seven, respec- 
tively. An empirical working basis for valence is presented in 
chapter four which also includes a discussion of the periodic sys- 
tem of Mendeleev. 

The authors explain the methods of solving ‘‘weight to weight” 
problems (p. 109) and “‘weight to volume” problems (p. 189) in 
terms of conventional proportion using fractions and solving for 


the value of X, « g. (for KCIO, : 0,), 2% = % ‘This form is the 


ee ¢ 

one used in many high-school and college texts and has consider- 
able precedent. Some teachers, including the reviewer, prefer to 
use an alternative method, the so-called “reasoning method,” 
especially for students who plan to specialize in chemistry or 
chemical engineering. The merits of the ‘“‘reasoning method” 
are obvious in the longer and more complicated problems.’ In 
the solution of problems involving the gas laws (p. 132) the 
authors use this method. The mole concept is referred to very 
briefly on pages 177 and 243-4. 

‘“‘The reading references have been so arranged as to facilitate 
search by students for material relating to given topics, should 
the instructor wish to make such assignments. At the end of 
the chapters are exercises designed to direct the attention of the 
student to points which may serve to extend his capacity for the 
utilization of the facts and theories which he has accumulated. 
At times the solutions are matters of some difficulty, and the aid 
of the instructor may be required.” 

Briefly stated, the objectives as set forth in the introduction of 
the previous editions and the present one are to provide “an 
acquaintance with the way in which the scientist thinks,’ and, 
“a, knowledge of what the chemist has done and is doing for the 
comfort and convenience of mankind.” In attaining these ob- 


jectives, it appears that the authors have been eminently success- 
ful. 

The diagrams including the lettering are very carefully done. 
The photographs are well chosen and clearly reproduced. The 
binding and the paper are of excellent quality. This book in its 


fourth edition merits the same high rating which the preceding 
editions have attained. 


A. J. CURRIER 
PENNSYLVANIA STATE COLLEGE 
Stare CoLLEGE, PENNSYLVANIA 


8 THE RARE EARTH ELEMENTS AND THEIR 
COMPOUNDS 


Don M. Yost, Horace Russell, Jr., California Institute of Tech- 
nology, and Clifford S. Garner, University of California at Los 
Angeles. John Wiley & Sons, New York, 1947. ix + 192 pp. 
24 tables. 15 X 23cm. $2.50. 


InoreGanic chemists have learned to expect only the best type 
of work from Professor Yost. They will not be disappointed in 
this book. It is a short but excellent compilation of the literature 
on the physics and chemistry of the rare earths and their com- 
pounds, and summarizes our present knowledge of these sub- 
stances critically and suggestively. The book contains but six 
chapters, which are entitled: 


1. Electronic Structures and Oxidation States of the Rare- 
Earth Elements. 
Paramagnetic Properties of Rare-Earth Compounds. 
Absorption Spectra of Rare-Earth Compounds. 
Evidence for the Existence of Element 61. 
Separation of the Rare Earths. 
Chemical and Physical Properties of the Rare Earths. 


In addition, the Appendix contains a summary of nuclear proper- 
ties of the rare earths. 

This monograph is recommended to all who are interested in 
the rare-earth elements, but especially to research workers and to 
students who are reviewing for comprehensive examinations. 


JOHN C. BAILAR, JR. 


University oF In.ino1s 
Urnsana, ILurnors 
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9 AN INTRODUCTION TO AGRICULTURAL CHEMISTRY 


Norman M. Comber, H. Trefor Jones, and J. S. Wilcox, 
University of Leeds. Edward Arnold & Co., 1947. viii + 315 
pp. 24figs. 27tables. 125 X18.5cm. $2.50. 


Tuts textbook was written, as the authors point out in the pref- 
ace, for students reading for Degrees and Diplomas in Agricul- 
ture. The subject matter has been divided into three sections: 
Soil Materials and Soils, Fertilizers, and Animal Nutrition. These 
take up roughly one-third, one-sixth, and one-half of the book, 
respectively. 

Although the book is relatively small, each phase of the subject 
covered is given brief but adequate treatment. Statements are 
made either with short explanations or in many instances with no 
explanation. In general, the latest theories are used. When 
these are in direct conflict with older theories brief discussions are 
given explaining the shortcomings of the discarded theory. 

From the point of view of American students certain criticisms 
may be made. Students not too familiar with the geology, soils, 
and climate of Great Britain may find the examples given in the 
section on Soil Material and Soils difficult to follow since most of 
these pertain to the British Isles. Also in many agricultural col- 
leges in this country courses in soils and agricultural chemistry 
are taught in separate departments or divisions, thereby limiting 
the usefulness of the book. 

The figures and tables have been well selected to emphasize 
statements made in the text. In spite of the criticisms mentioned 
above, this book fills a definite need for a concise brief text cover- 
ing the field of agricultural chemistry. 


E.:A. FIEGER 
Lovrstana State UNIVERSITY 
Baton Roves, Lovurstana 


.) LABORATORY AND CLASSROOM EXERCISES IN 
GENERAL CHEMISTRY 


B. Smith Hopkins, Professor of Chemistry, Emeritus, Therald 
Moeller, Assistant Professor of Chemistry, University of Illinois; 
Frank B. Schirmer, Jr., Assistant Professor of Chemistry, Clem- 
son College. D. C. Heath and Company, New York, 1946. 
viii + 244 pp. 32 figs. 21 X 27cm. $2.00. 


In part I—The Nonmetals, there are sixty-eight exercises and 
in Part II—The Metals, there are forty-three exercises (experi- 
ments) including an introduction to qualitative analysis. Chemi- 
cal arithmetic receives attention in one hundred and forty-one 
exercises, many of which are solved as ‘Model Examples.” 

In the calculations on weight relations (p. 126) and on the 
applications of the gas laws (p. 128), for example, the authors use 
a reasoning method which employs proportionality facters (cf. 
Model Exercise VI, p. 126. ‘‘Note that the answer is arrived at 
by reasoning and not by using a set method, formula, or propor- 
tion.’’) The reviewer believes that this approach in chemical 
arithmetic is a very commendable one which leads to a clear 
understanding of the principles involved in the calculations. The 
inclusion of some exercises which are based on molar quantities 
(not limited to molar solutions) would be helpful to students who 
specialize in chemistry or chemical engineering. 

The experiments included provide for ‘‘a one year laboratory 
course in general chemistry,” with some flexibility of choice de- 
pending upon the time available for laboratory work and the 
preparation of the student. At the beginning of each exercise, 
there are page references to ‘‘Essentials of General Chemistry” 
by B. Smith Hopkins and John C. Bailar, Jr., and to ‘‘General 
Chemistry for Colleges,” 3rd Edition, by B. Smith Hopkins. 
Ample unruled space is provided for the student to record his 
observations in the form of answers to numbered questions in the 
text. To the reviewer, this form is preferable to carefully spaced 
lines into which the student writes a certain number of words, as 
one fills an order blank. For certain quantitative experiments a 
complete formal report is required. 

There are several exercises on applied chémistry, e. g., Exp. 82 
“Building Materials,” Exp. 99 “‘Paint Pigments,” and Exp. 103 
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“Corrosion of Iron.’”? The appendix is unusually complete in- 
cluding two periodic tables, first aid instructions, and a list of 
supplies, in addition to the metric system, atomic weights, and 
other data. 

Based upon the extensive teaching experience of the Division 
of Inorganic Chemistry of the University of Illinois, this Manual 
contains a well-chosen collection of experiments and problems, 
presented in a concise and attractive style. 


A. J. CURRIER 
Tue PennsyLvaniA STaTE COLLEGE 
State Co.tiect, PENNSYLVANIA 


€ PHENOPLASTS—tTheir Structure, Properties, and 
Chemical Technology 


T. S. Carswell, Commercial Solvents Corporation, Terre Haute, 
Indiana. Interscience Publishers, Inc., New York, 1947. xii + 
267 pp. 80 figs. 74tables. 15 X 23cm. $5.50. 


THE TERM “phenoplast” is not found in the latest Webster’s 
dictionary, nor is it defined in this book. Its meaning, how- 
ever, in case one is not familiar with it, is gathered from the first 
sentence in the book, “The reaction between phenols and alde- 
hydes was first described by Adolph Baeyer in 1872.” In other 
words, for the uninitiated, phenoplasts are the plastics formed by 
the reactions of these substances. 

The condensation products of phenol and formaldehydes, as 
every high-school student knows, were developed commercially in 
1905 to 1909 by Dr. Leo H. Baekeland. Appropriately an ex- 
cellent photograph of the illustrious discoverer of Bakelite is re- 
produced as the frontispiece. 

The book follows so well the plan of the author as given in the 
preface that his words are quoted here. ‘The purpose in writing 
this book has been to describe, as accurately as the present 
information will permit, the physical and chemical structure of 
the phenoplasts, and to correlate their structure with their 
mechanical and chemical properties. The past five years have 
furnished much new information in these fields, and the record 
has not previously been collected in one volume. No attempt 
has been made to write a practical handbook on phenoplast 
manufacture. There is one chapter which covers the more 
practical aspects of phenoplast manufacture in a rather sketchy 
way, and one chapter on the elements of molding technique.” 

The reading of this book shows the complexities of the subject 
and intrigues the reader with the possibilites of new theoretical 
developments. The reactions are discussed carefully and in de- 
tail and continually carry the reader’s interest forward. Good 
structural formulas, charts, tables, and graphs are used plenti- 
fully and are very helpful. The later chapters on the technical 
manufacture of phenoplasts cover the subject adequately, and 
photographs are included to show the manufacturing and testing 
operations. It might be mentioned that special glazed paper is 
used to advantage in printing these photographs and also the 
photomicrographs in the earlier part of the book. 

The chapter on “Phenoplasts as ion-exchange resins’ was 
written by Donald 8. Herr, and that on “Molding technique for 
phenoplasts’” by Carl H. Whitlock. 

The book is almost entirely free from typographical errors. 
The names of some substances lack hyphens and it is unfortunate 
thatthe author uses such mixed nomenclature as ‘‘m-2-xylenol.”’ 
He may have wished to emphasize certain relationships but the 
results are confusing. 

In discussing technical applications the author states, ‘The 
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phenoplasts have always been the work horses of the plastic in- 
dustry.... The excellent mechanical and electrical properties 
of the phenoplasts, combined with their stability and chemical 
resistance, have extended their usefulness into nearly all branches 
of modern manufacture.” 

Anyone interested in phenoplasts will find much of profit in 
this book. ‘ 

HARRY L. FISHER 


U.S. InpustTR1aL CHEMICALS, INC. 
StamMrorp, CONNECTICUT 


& CHEMISTRY OF MUSCULAR CONTRACTION 


A. Szent-Gyorgyi, Department.of Biochemistry, University, 
Budapest. Academic Press Inc., New York, 1947. vi + 150 pp. 
49 figs. 14 X 23cm. $4.50. 


Forty years have passed since Fletcher and Hopkins’ classic 
observation of lactic acid formation during anaerobic muscle con- 
traction. In this period a wealth of information has accumulated 
with respect to the chemical reactions occurring during muscular 
activity, the muscle constituents and the enzyme systems in- 
volved, and the energy sources. i 

The relationship of these reactions: to the actual physical 
functioning of the muscle fiber involves the muscle proteins and 
represents a difficult but intriguing field of research. The present 
book is largely concerned with this phase of muscle chemistry. 
It is based on the author’s 1946 Cameron Prize lecture delivered 
at the University of Edinburgh and embraces the extensive re- 
search on this subject that has been carried out since 1940 by the 
author and his colleagues in Budapest. Until the end of hos- 
tilities, much of the published work of this group has not been 
readily available to American readers. It is summarized in this 
volume. 

The book is divided into five parts. In Part I, the properties 
of the muscle globulins—myosin, actin, and actomyosin—are de- 
scribed. Of particular interest to the student of muscular ac- 
tivity are the transformation of actin and actomyosin from the 
fibrous to the globular form, e. g., contraction, the energy changes 
in contraction, and the induction of contraction by adenosine 
triphosphate and certain ions. The enzyme functions of myosin, 
adenosine triphosphatase, and the conditions affecting dephos- 
phorylation and deamination are reviewed. 

In Part II, the conditions in intact muscle, during rest, excita- 
tion, contraction, and relaxation are considered in the light of the 
experimental findings presented in Part I. The new qualities de- 
veloped by the proteins when they are united in a complex, as in 
intact muscle, are explained in Part III by the continuum theory. 

The author has incorporated as a supplement (Part IV) the 
results of experimental work completed after the original manu- 
script was written. A section (Part V) on methods of preparation 
of adenosine triphosphate, myosin,’ and other muscle proteins 
concludes the book. 

Throughout the book the emphasis is on the experimental work 
carried out in the author’s laboratory, and reference to the work 
of others in this field is limited. This is fully appreciated by the 
author and is the result of his being completely isolated by the 
war for six years, the period when most of his experimental work 
on this subject was done. This fact in no way detracts from the 
stimulating character of this book or the value of the experi- 
mental work presented. 

F. A. CAJORI 


University or Cotorapo Scuoot or Mepicine 
DENVER, COLORADO 





“During my years in Washington, I became more keenly aware of the fact that the 
people who have authority have no time to think, and the people who have time to 
think have no authority.’’—Clare Booth Luce. 
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